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SUMMARY

A major outcome of the studies sponsored by the Advanced Concept and Mission
Division, A.C.M.D. of NASA under Contract No. NAS2-5885 dated 30 January 1970
as reported in CR 114289 and under Contract No, NAS2-6477 dated 6 May 1971 as
reported in CR 114399 has been the development of a computer program for eval-
uating propeller performance (static, flight, reverse), noise, weight, and cost for
general aviation aircraft propellers as a function of the prime geometric and aero-
dynamic variables, Propellers have been divided into five classifications which
distinguish the complexity of general aviation propellers, i.e., fixed versus variable
pitch, deicing capability, full feathering capability, and reverse thrust capability.
Parameters that may be varied independently include number of blades, blade activity
factor, blade integrated design lift coefficient, and blade tipspeed. A User's Manual
for the computer program was written under Contract No. NAS2-6477 and is presented
herein,

A brief description of the technology development is presented, and a complete
listing of the computer program as well as detailed instructions and samples of input
and output are included. Examples of parametric studies which can be made with the
computer program are shown.






INTRODUCTION

Aviation forecasts for the next ten to fifteen year time period, indicate the con-
tinued steady growth of general aviation. Furthermore, it is apparent that most of
these aircraft, even into the 1980 time period will be propeller driven utilizing primar-
ily reciprocating engines with increased number of turbine engines as their econom-
ics improve. The attainment of this forecasted growth is dependent upon the continued
improvement in the safety, utility, performance and cost of general aviation aircraft.

In view of this, a study was undertaken under the sponsorship of the Advanced
Concept and Mission Division of NASA to derive and computerize appropriate propeller
performance (static and forward flight), noise, weight and cost criteria to permit
sensitivity studies of these factors to be made for advance propeller configurations
designed for general aviation aircraft of the 1980 time period. This study is reported
in reference 1. At NASA's request, a contract study was undertaken to provide a
User's Manual which includes a complete listing of this computer program with detail-
ed instructions on its use. Furthermore, the scope of the computer program was ex-
tended to incorporate the inclusion of the generalized integrated design lift coefficient
(the only prime propeller blade shape variable not included in the original program),
the computation of reverse thrust, and the refinement of the weight generalization.
The technology development required to incorporate the above extensions into the
computer program for inclusion in the User's Manual is presented in reference 2. The
User's Manual is presented in this report.
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SYMBOLS AND ABBREVIATIONS

1.0
propeller blade activity factor, M (-t—)) x3 dx
16 D
-0.15
blade section width, ft
number of blades
blade section design lift coefficient
1.0

propeller blade integrated design lift coefficient 4 / CL x3 dx

0.15 D

SHP (P,/p) 1011

2N3D5

power coefficient,

SHP (Py/P) 1011

47 N3D5

torque coefficient tor J < 1.0,

1,514 x 10°T (Poy/P)

thrust coefficient, > 4
ND

propeller diameter, ft

maximum blade section thickness, ft
101.4V
advance ratio k
? ND
free stream Mach number

propeller speed, rpm

perceived noise level, PNdB



SHP (P,/P) 1011

Q C torque coefficient for J>1.0, 35 b 4 —1—2-
4r N'D J
R blade radius at propeller tip, ft
r radius at blade element, ft
SHP shaft horsepower
T propeller thrust, pounds
1.514 x 10° T(Po/p ) 1
TC thrust coefficient for J> 1.0, W X
N D J

VK freestream velocity, knots
b4 fraction of propeller tip radius, r/R

,33 /4 propeller blade angle at 3/4 radius

. 2,.4

p density, 1b sec” /ft

P, density at sea level standard day, 0.002378 1lb sec2/ft4

P/P 6/

o ratio of absolute temperature to absolute temperature at sea level,

T/T,
6 ratio of static pressure to static pressure at sea level, P/Po



TECHNOLOGY IDENTIFICATION

General aviation aircraft covers a very broad spectrum of aircraft implied by
the power plant size range of 100-1500 shaft horsepower. Thus, in order to provide a
meaningful study within the scope intended by the Advanced Concepts and Missions
Division, A.C,M.D., as an initial step under the study in reference 1 the Contractor
classified into five categories the general aviation aircraft envisioned by A.C.M.D,
For convenience, the categories are repeated here in Table I. Analytical generaliza-
tions for predicting the performance (static, forward flight, and reverse), noise,
weight and cost of propellers for general aviation aircraft classified in Table I were
established and computerized. With the aircraft and propeller requirements thus de-
fined and the computer program having been established, comprehensive sensitivity
studies of the propeller geometric and performance parameters can be conducted.
Such studies were presented in reference 1 for representative aircraft from each
general category described in Table 1.

The details of the analytical procedures are defined in references 1 and 2. A
brief description of each generalization is presented in the following text.

Propeller Performance Generalization

As a means of assessing propeller performance over the entire flight spectrum,
performance generalizations were developed for predicting static and forward flight
performance. Furthermore, for those aircraft incorporating propellers with the re-
verse thrust feature, a method of calculating reverse thrust has been included. These
generalizations were made for a family of propellers spanning the prime propeller
variables of 2 to 8 in number of blades, 80-200 in blade activity factor, AF, and 0.3
to 0. 8 in integrated design lift coefficient, CLi'

A brief description of these generalizations is presented in the following test.

Static and forward flight. -~ A performance generalization was developed for
predicting static and forward flight performance for general aviation propellers. Using
the proven propeller performance prediction methods discussed in references 1 and 2,
performance calculations were made for a family of propellers selected on the basis
of propeller shapes which prior study had shown to be the most favorable for minimum
weight, low noise characteristics and good performance (ref. 1,fig. 1, 2, 3 and 4 and
ref 2, fig. 1). These calculations were used in developing the performance generaliza-
tions, The horsepower, thrust, propeller rotational speed, velocity and diameter were
included in the non-dimensional form of power coefficient, Cp, thrust coefficient, Cr,
and advance ratio, J defined as follows,




where:
SHP
p
o/p

D

N
T

Vi

SHP (p,/P) x 1011

2N3 D5

1.514 x10° T( Po/P)

101.4V

4
N2D

k
ND

shaft horsepower

ratio of density at sea-level standard day to density for a
specific operating condition.

propeller diameter, ft

propeller speed, rpm
propeller thrust, pounds

forward speed velocity, knots

Base curves were defined in this non-dimensional form for presenting the per-
formance of 2, 4, 6 and 8 bladed propellers referenced to an activity factor of 150 and
0.5 integrated design lift coefficient. In order to minimize the number of curves and
consequently the size and complexity of the computer program, the terms effective
power coefficients, Cpg and effective thrust coefficient, CTg were introduced. The
effective power and thrust coefficients are defined as follows:

CPX PAF X PCLi

CT X TAF b4 TCLi

power coefficient
activity factor adjustment to power coefficient (ref. 1, fig. 3A)

integrated design lift coefficient adjustment factor to power co-
efficient (ref. 2, fig. 4)



C - thrust coefficient

T
T - activity factor adjustment factor to thrust coefficient (ref, 1,
AF X
fig, 3A)
TCL - integrated design lift coefficient adjustment factor to thrust co-

i efficient (vef. 2, fig. 6)

Thus, the base curves while referenced to a basic activity factor and integrated design
lift coefficient are applicable to the complete range of the prime blade shape parameters
including 80-200 activity factor, 0.3 to 0.8 integrated design lift coefficient and 2 to 8
blades. This performance generalization format is shown for 2 bladed propellers
referenced to 150 activity factor and 0.5 integrated design lift coefficient on figures 1
and 2 for the effective power coefficient chart and the effective thrust coefficient chart,
respectively.

Since it has been projected that general aviation aircraft will be operating at
significantly higher speeds by the 1980 time period, a compressibility factor, Fi was
derived for use with the base performance plots, The thrust is multiplied by F¢ (ref.
2, fig. 9) to correct for compressibility losses,

The complete generalization together with detailed computational instructions are
presented in APPENDIX A of reference 1 and in reference 2.

It is to be noted that the performance predicted by this method is for the isolated
propeller since no single body blockage effect could be generalized to cover the wide
variety of aircraft included in general aviation.

Reverse, - The analytical method for computing reverse thrust is based on an
existing Hamilton Standard procedure which was obtained by generalizing all availa~
ble propeller test data. The shaft horsepower, thrust, propeller rotational speed,
velocity and diameter are included in the non-dimensional form of torque coefficient,
Cq or QC, thrust coefficient, CT or TC, 2nd advance ratio, J defined as follows:

| i 101.4 V.
ND
1011 sHP (p,/P)
C = ford = 1.0
Q 4 n N3D5
1011 SHP (p,/P) X
Q = X— ford > 1,0
C 4 77_N3D5 J2
1.514 x10° T( Po/P)
C = ford = 1.0
T NZp?



1.514 x 108 T( o /P)

TC = N2D4 X ;12— ford > 1.0

where:

SHP - shaft horsepower

PO/P - ratio of density at sea level standard day to density for a specific
operating condition

N - propeller speed, rpm

D - propeller diameter, ft

T - propeller thrust, pounds

VK - forward speed velocity, knots

Base curves have been defined in this manner for a 3-bladed, 100 activity factor, AF,
0.4 integrated design lift coefficient, C1,; propeller. The term effective torque co~
efficient, CQg or QCE, and effective thrust coefficient, CTE or TCE’ are used. As
with the forward flight generalization, these base curves with appropriate adjustments
for AF, C1,; and number of blades can be used in predicting reverse thrust character-
istics for the family of propellers spanning 2 to 8 number of blades, 80-200 AF, and
0.3 to 0.8 C1,;. The effective torque coefficients and thrust coefficients are defined as

follows:
9. 83
c = [c.x@3/BY""° xq ] - AC. (PCR/100)
Qg Q AF Qs
Q = | Q. x (3/139'83 xQ - AQCy, (PCR/100)
Cp C AF E2
[ , 83
C = | C.X (3/3? xT - AC (PCR/100)
T T AF T
E E2
9.83
T = [ T . x(3/B) °xT - AT (PCR/100)
C C AF | C
E E2
where:
C Q - torque coefficient for J < 1,0

(3/B§)' 83 _ number of blades, B adjustment

10

ford <1.0

forJ > 1.0

for J <1.0

forJ >1.,0



Q AT - activity factor adjustment factor to torque (ref. 2, fig. 11)

AC - integrated design lift coefficient adjustment factor to torque for
E2 J < 1,0 (ref. 2, fig, 12)

PCR - percentage of integrated design lift coefficient adjustment factor
to be used (ref. 2, fig. 13)

QC - torque coefficient for J = 1.0

AQ - integrated design lift coefficient adjustment factor to torque
E2 for J = 1.0 (ref. 2, fig. 15)

CT ~ thrust coefficient for J < 1.0
T AT - activity factor adjustment factor to thrust (ref. 2, fig. 17)
ACT - integrated design lift coefficient adjustment factor to thrust

E2 for J < 1.0 (ref. 2, fig. 18)
T - thrust coefficient for J = 1,0

AT - integrated design lift coefficient adjustment factor to thrust
E2 for J > 1.0 (ref. 2, fig, 18)

This performance generalization format is shown for 3-bladed propellers refer-
enced to 100 activity factor and 0.4 integrated design lift coefficient on figures 3 and 4
for the effective torque coefficients and effective thrust coefficients, respectively. The
complete generalization together with detailed instructions for computing the reverse
angle for a given throttle setting and the reverse thrust over the landing distance run
with the propeller fixed at the reverse angle are presented in reference 2.

Propeller Noise Generalization

For assessing propeller noise, the far field perceived noise level (PNL) was
selected as the noise rating scale because: 1) It is a good measurement of the relative
annoyance of the various aircraft designs considered in general aviation aircraft, 2)

It can be estimated by use of a relatively simple calculation procedure, and 3) It is a
reasonable indication of the subjective reaction to aircraft noise.

An empirical method for predicting far-field perceived noise levels, PNdB de-
veloped at Hamilton Standard has been included in the computer program. It presents
a means of calculating noise for a broad range of propeller design and operating para-
meters,

11



The required inputs to the propeller noise estimating method are:
1. Propeller diameter

2. Number of blades per propeller

3. Propeller RPM or tipspeed

4. Shaft horsepower per propeller

5, Ambient temperature

6. Ajrcraft forward speed

7. Number of propellers installed

8. Distance from the propeller center of the desired field point at which the
noise is fo be measured,

The computational procedure consists of a basic noise level (dB) curve (fig. 5)
for a 4-bladed, 10.5 foot diameter propeller defined at 500 feet from the propeller
center, The base curve is a function of shaft horsepower and rotational tipspeed.
There are adjustments for variations in diameter, number of blades, and distance from
the propeller center. Then, there is an adjustment to obtain the corresponding per-
ceived noise level. The directivity pattern of the noise emanating from the propeller
is ignored, and the perceived noise level is computed for the azimuth angle for which
the noise is a maximum.

Recent test data on highly loaded low tipspeed propellers have indicated that the
reduction in noise with tipspeed is a function of propeller stall characteristics. It
appears that noise reductions can be achieved with decreasing tip speed at a given
power only to the point where the propeller stall is limited to approximately the inner
50% of the blades. The 50% stall region is defined on the base Cp and CT curves
(fig. 1 and 2). It is recommended that propellers be selected to operate to the left
of the indicated 50% stall line. The detailed procedure is explained in APPENDIX B

of reference 1.

Since this generalization is for propellers only, it is emphasized that the low
noise levels which may be achieved through selected design and operating conditions
will not be representative of those from the complete aircraft unless a parallel effort
is made to reduce the noise from other sources (particularly from the engine) as these
will become predominant and set the perceived noise level of the aircraft.

12



Propeller Weight Generalization

A weight estimating equation (ref. 2) was derived for preliminary propeller
selection studies. The propeller geometric parameters (diameter, number of blades,
activity factor) and the operational parameters (SHP, RPM, Mach number) incorporat-
ed in this formula are those which experience has shown to have the most predominant
effect on propeller weight and the exponents have been established empirically to best
fit the weight trends of current general aviation propellers and those anticipated for the
1980 time period. The equation is presented on Table II,

The weight equation of Table II provides a useful tool for estimating propeller
weight for any general aviation aircraft installation in this decade within +10%
accuracy. However, it must be remembered that parameters other than the basic
geometric and performance characteristics used in this equation effect propeller
weights, These are variations in propeller environmental temperatures, type of
control system and the degree to which individual manufacturers design for minimum
weight.

Propeller Cost Generalization
A cost equation (ref. 1) was generalized using end user price lists and weights

obtained for representative industry propellers in the five general aviation aircraft
categories shown in Table I. The equation is defined as follows:

o) = ZF(3B0'75+E)
c, = F@EB"?4E
where:

C - average original equipment manufacturer, O.E.M. propeller cost
for a number of units/year, $/1b.

C1 - single unit O.E.M. propeller cost $/1b.
LF

z - LF,

LF - learning curve factor for a number of units/year

LF1 - learning curve factor for a single unit

B - number of blades

13



F - single unit cost factor
E - empirical factor

For the computer program, an 89% slope learning curve was assumed, F and E
factors were generated to evaluate costs of 1969 and the projected costs of 1980 time
periods. The factors for propellers installed on each aircraft category are listed be-
low.

1969 1980
Category F E Quantity F E Quantity
I 3.5 1.0 1910 3.5 1.0 2230
I 3.7 1.5 2810 3.7 1.5 5470
111 3.2 3.5 1030 3.2 3.5 1990
v 2.6 3.5 295 3.5 3.5 680
v 2.0 3.5 65 3.4 3.5 368

Computer Program

The performance generalization for conventional and multi-bladed propellers and
the corresponding noise, weight and cost generalizations described in the previous
text have been computerized. The computer program has been coded in FORTRAN IV
and has been run on the IBM System/370. With this computer program, the afore-
mentioned propeller performance characteristics can be readily calculated for a range
of selected propeller geometries and desired operating conditions. Examples of para-
metric studies made with the computer program are presented in another section of the
text,

There are four performance computation options available. First, if an engine
is specified, then the operating condition is defined with the horsepower and the cor-
responding propeller thrust is computed. Second, if a propeller thrust requirement
is defined then the thrust is included as input and the horsepower is computed, thus
indicating engine size. Third, for operating conditions defined by horsepower or
thrust, it is possible to define the tipspeed corresponding to 50% stall. This would be
the tipspeed for minimum noise. Fourth, reverse pitch angle and the corresponding
reverse thrusts for a range of landing ground roll velocities operating at the fixed
reverse pitch angle are computed. The corresponding noise (PNdB), weight and cost
for the first three options are calculated. The weight and cost are calculated for both
the 1969 and 1980 time period where costs are based on the 89% slope learning curve
and the unit costs and quantities selected by Hamilton Standard from available surveys.
There are the options of varying learning curve, unit costs, and quantities.

The required inputs for all options of this computer program are the following:

14



Propeller

1, Diameter range

2. Number of blades range (2-8)
3. AF range (80-200)

4,

CL range (0.3 - 0.8)
i

Operating conditions (maximum of 10). - For static and forward flight computa-

tion options, the following is required.

Shaft horsepower or thrust
Altitude, ft.

Velocity, knots
Temperature, °F

Tipspeed range

For the reverse flight computational option, the following is required.

Other

1,

2.

Normal rated take-off horsepower, SHP

Normal rated take-off speed, rpm

Altitude, ft.

Touchdown speed, knots

Temperature, °F

Range of power settings, % of normal rated shaft horsepower

Type of engine, reciprocating or turbine

Number of engines

Distance from the propeller center of the desired field point at which the
noise is to be measured.,

15



3. Airplane classification (Table I)
4, Flight design Mach number

5. Performance computation options
6. Cost computation options

The pertinent input-output instructions are discussed later in the text.

16



PARAMETRIC STUDY OPTIONS

Having developed a computer program incorporating the propeller performance,
noise, weight and cost criteria, parametric studies can be undertaken to evaluate the
trade-offs among these factors for propeller configurations applicable to general
aviation aircraft.

The variety of parametric studies which can be performed with this computer
program are illustrated in figures 6 through 9. A study for fixed pitch propellers
associated with aircraft Category I is shown as figure 6, Curves of performance (T.O.,
climb and cruise), noise, weight and cost were plotted versus tipspeed for constant
values of diameter for 2 bladed, 100 activity factor, 0.5 integrated design lift
coefficient propellers for a specific engine application. The SHP was defined and the
corresponding thrust was computed. Propeller blade angles as independent variables
have been included in the performance curves, Thus, the blade angle providing the
best performance compromise for take-off, climb and cruise can be selected as desir-
ed by the particular operator. Similar data can be plotted for a range of number of
blades, activity factors and integrated design lift coefficients. From an inspection of
such curves, the effects of the primary geometric and operating parameters can be
evaluated and a propeller selected as the best compromise for the particular applica-
tion. A similar study is shown for variable pitch propellers applicable to aircraft
Category 1I for a 4 bladed, 150 activity factor, 0.5 integrated design lift coefficient
propellers on figure 7. For this example, the thrust requirements were defined and
the corresponding SHP's were computed. The minimum tipspeeds shown as end points
for each of the curves in figures 6 and 7 represent the tipspeed corresponding to the
50% blade stall lines shown in figures 1 and 2.

An optimum low noise study based on the assumption that the propeller is always
operating at the tipspeed corresponding to 50% stall at take-off and consequently
minimum noise can be made as shown on figure 8. The study was made for a repre-
senfative airplane in Category IV showing a variation in diameter and activity factor
for a fixed number of blades and integrated design lift coefficient.

A reverse thrust study is shown on figure 9 for a propeller applicable for
Category V. Reverse thrust angles were computed for several throttle settings. Then,
reverse thrust, and the corresponding shaft horsepower and propeller rotational
speeds were computed for the velocity range corresponding to ground roll. The
corresponding runway landing distances can be computed and the reverse angle select-
ed corresponding to the required runway distance.

COMPUTER PROGRAM USAGE INSTRUCTIONS
The flow chart, subroutine list, and FORTRAN IV listings for the computer
program (Hamilton Standard deck H432) are included as APPENDIX A, The detailed

description of input and output are presented in the following text.

17



Program Input
The input to the program is defined in the following text.

Cards 1 and 2 include the card number in column 3 and any legal Hollerith punch-
ed in columns 4 through 80.

Card 3 contains the following input data in an (I3, 3X, 10F6.0) format:

1. Card number

2. Number of engines

3. Airplane classification (Table I)

4, Flight design Mach number
Items 5 through 11 include the various cost options, Code all of these items as zero
if the cost criteria built into the computer program is to be used. This criteria is de-
fined in the section on cost generalization. If any deviations are required, the follow-

ing additional information must be coded.

Learning curve variation. - It is based on assuming that a learning curve is a
straight line when plotted on log paper. The learning curve is replaced as follows:

5. Learning curve factor for single unit
6. Learning curve factor for 1000 units

Unit cost factor, Cy. - If a revision in unit cost is required, code as follows:

7. C1 - single unit O.E.M. propeller cost, $/1b. for 1970

8. C1 - single unit O.E.M. propeller cost, $/Ib. for 1980

Quantities variations. - To investigate the effects of quantity changes on cost,
code as follows:

9. Initial quantity to be used
10. Increment to quantity
11. Number of different quantities

Card 4 contains the following input data in an (I3, 3X, 9F6.0) format where:

18



10.

Card number

Initial diameter

Increment in diameter if a range of diameters are to be computed
Number of diameters

Initial activity factor (80-200 AF)

Increment of activity factor if a range of AF is to be computed
Number of activity factors

Initial number of blades (2-8 blades)

Increment in number of blades, if a range of blades is to be computed

Number of number of blades

Card 5 contains the following input data in a (213, 5F¥6.0) format.

1.

Card number
Number of operating conditions with a maximum of 10

Initial integrated design lift coefficient (0.3 to 0.8 CL )
i
Increment of integrated design lift coefficient if a range of CL is to be

computed i

1
Number of CLi s
For reverse thrust calculation option if blade angle B radius is given,
s 3/4
code 2. I B3/4 radius is to be computed, code 1.

For reverse thrust calculation option, code 1. for turbine engines and 2.
for reciprocating engines.

Subsequent cards are coded as follows with (3X, I3, 10F6.0) format for each
operating condition., The number of these cards must be equal to the number specified
in 2 on card 5.

1,

Computational option

19



Code option= 1 - for defining condition with SHP
option = 2 - for defining condition with thrust
option = 3 - for reverse thrust calculation

2. Shaft horsepower or thrust per propeller depending on option selected in 1
above,

option = 1 - SHP
option = 2 - Thrust
option = 3 - SHP for zero velocity, full throttle setting
3. Altitude in feet
For options 1 and 2, forward flight calculations, code
4. Velocity, knots true airspeed
5. Temperature, “F - code 0. for standard day

6. Initial tipspeed, ’%D , fps

7. Increment of tipspeed

8. Number of tipspeeds

9, Distance of field point at which noise is to be computed. Directivity for
peak noise is automatically used. The noise calculation should be made
for take-off conditions only; code = 0. when no noise calculation is to be
made,

10, Code =1, for computing the tipspeed corresponding to 50% stall, The
option should be used for take-off conditions only.

11. Code = 1. if cost and weight are to be computed. This option must be used
with a take-off condition.

For option 3, reverse thrust calculation, code
4, Landing touch down speed, knots true airspeed

5. Temperature, °F

20
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6. RPM for zero velocity, full throttle setting
7. First power setting

8. Increment of power setting

9. Number of power settings

10. Reverse angle, 33/4 if item 6 on card 5 is coded as 2,

For subsequent cases, repeat all the input data previously specified. For ter-
mination, include two blank cards and a third card with 99 coded in an 16 format.

Program Output

The input prints out initially and then the pertinent data under the following head-
ings for options 1 and 2 for forward flight:

1. DIAM-FT - propeller diameter, ft.
2. T.S. FPS ~ tipspeed, fps
3. THRUST or SHP - dependent on which option is selected

4, PNL - perceived noise in PNdB, value corresponds to the
number of engines specified in the input.

The following cost and weight data prints out when computations are requested.

5. QUANTITY - number of units to be included in cost computation
6. WT-LBS - propeller weight, lbs.
7. $ COST - propeller cost in dollars

The weight and cost are included for both 1970 and 1980 technology.

8. ANGLE - propeller blade angle in degrees at 3/4 radius which is
of particular interest in analyzing fixed pitch propellers.

The following data is included as additional information. For example, from an ex~
amination of these parameters, an indication of the presence and magnitude of com-

pressibility losses and the blade loading characteristics may be established.

9. FT - compressibility correction
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10, M - free stream Mach number

101.4 VK
11. J - advance ratio = )
SHP (P,/p) 1011
12, C - power coefficient = :
p 9 N3D5
6
1.514 x 100 T(py/P)
13. C - thrust coefficient =
T N2D4

For option 3, reverse thrust calculation, the following data prints out.

1. DIA, FT. - propeller diameter, ft.

2. PERCENT THROTTLE - specifies what percent of normal rated power

was used.

3. REVERSE ANGLE reverse angle at 3/4 radius

4, V-KNOTS landing run velocity

5. REVERSE THRUST reverse thrust corresponding to 4 above

6. SHP shaft hor sepower corresponding to 4 above

7. RPM propeller speed corresponding to 4 above

The input propeller and operating condition parameters for the parametric studies
are varied as follows in the output print outs. For option 1 and 2, forward flight cal-
culations, the calculations are made for the input ranges in the following order:

1. Tipspeed

2. Diameter

3. Number of blades

4. Integrated design lift coefficient

5. Activity factor

6. Operating condition

22



For the option where tipspeed for 50% stall is to be defined, the computations are made
for the input ranges as follows: ’

1. Diameter

2. Number of blades

3. Activity factor

4, Integrated design lift coefficient
5. Operating condition

For option 3, reverse thrust calculation, the calculations are made for the input
ranges in the following order.

1. Throttle setting

2. Diameter

3. Number of blades

4, Activity factor

5. Integrated design lift coefficient

6. Operating condition

MESSAGES

A series of messages print out which indicate that the limits of the generaliza-
tions have been exceeded. These are listed below.

1. 'INPUT ERROR IW = 12, IC =I2' - the input item specifying which option
is to be used has been included as other than 1., 2. or 3., the only option
values.

2. TLLEGAL ACTIVITY FACTOR = F8.1' - the input AF exceeds the per-
missible 80-200 AF range.

3. 'TLLEGAL NUMBER OF BLADES = F8.1!' - the input number of blades ex-
ceeds the permissible 2-8 blades.

4, 'ILLEGAL INTEGRATED DES, Cy, = F8.1' - the input CL; exceeds the
permissible range of 0.3 to 0.8 Cr,;.
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'ADVANCE RATIO TOO HIGH' - check to see that input diameter, RPM,
and velocity are correct. The advance ratio limits are 0 to 5.

'"FAILED STALL ITERATION' - problem encountered in defining tipspeed
corresponding to 50% stall. If this message is encountered, check input
for SHP, RPM, altitude, velocity, and diameter.

*kxdkdkk _ print out under PNL indicates that the propeller is operating at
a condition where it is more than 50% stalled.

*¥kkkk _ printout under SHP or THRUST indicates that this condition is off
the limits of the performance curves.

Sample Cases

Input coding sample cases for the four performance computation options are
shown on figure 10 and the output presented as figures 11 through 14 respectively.
The sample cases are presented in the following order.

1,

The condition is defined by SHP and tipspeed variation. Performance and
cost calculations based on the information included in the computer program
is requested.

The condition is defined by a thrust requirement and tipspeed variation.
Only performance calculations are requested.

The condition is defined by SHP. Tipspeed corresponding to 50% stall and
cost for a span of quantities will be computed.

Reverse thrusts are required for a given propeller geometry for a range
of throttle settings.

Computer Running Time

The computer program has been run on an IBM-System/370. Approximately
1000 operating conditions are computed per minute,
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CONCLUDING REMARKS

Generalizations of analytical methods for accurately predicting propeller
performance, noise, weight and cost for general aviation aircraft applica-
tion have been made.

The generalizations have been computerized in FORTRAN IV for the IBM
System/370.

The computer program offers many options for performing parametric
propeller studies for general aviation aircraft.

Computer program listings and detailed input and output instructions are
presented.
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TABLE I

ADVANCED GENERAL AVIATION PROPELLER STUDY

Cruise Vel.,

ATRCRAFT CLASSIFICATION

Aircraft Class Seats MPH Engine Power Propeller Type
I. single Eng. 2-h 100-160 100-200 Fixed Pitch
Trainer Recip DD 2 Blades

Fixed Gear
II. Single Eng. L-6 120-150 150-300 Constant Speed
Adv. Trainer Recip DD & 2 Blades,
Retract Gear Geared Some 3 Blades
IFR Equip. Some Small
Turboprops
III. Light Twins h-6 150-300 150-300 Constant Speed
Retract Gear Recip DD & 2 Blades
o IFR Equip. Geared Some 3 Blades
= Some Small Deicing
Turboprops
IV, Medium Twins 6-11. 150-300 250-450 Constant Speed
Retract Gear Turboprops, Full Feather
IFR Equip. Recip DD & Deicing
Geared 3 Blades
V. Heavy Twins 11 & Up 175-400 600-1500 Constant Speed
Retract Gear Turbines Full Feather
IFR Equip. Deicing,
Reverse

3 and L Blades

Gross Weight,

Application lbs. Price Range Example Aircrafi
Trainer, Private 1000-2500 $8-25K CESSNA 150, 172, Skyhawk
Rental, Aerobatic BEECH Musketeer A23-19

PIPER Super Cub,
Cherokee
Adv, Trainer 2000-4000 $20-50K CESSNA Skywagon 180, 206,
Private (Family) 207, 210
Survey, Business BEECH Bonanza, Musketeer
Super 300
PIPER Comanche G,
Cherokee Arrow
MOONEY M20F
Private (Family) 3500-6000 $L0-120K CESSNA Super Skymaster,
Survey, Business 310Q
BEECH Turbobaron,
Barron 55
PIPER Twin Comanche G,
Aztec D
MOONEY Aerostar
Executive 6000-8000 $100-200K CESSNA LO1B, LO2B, L1k,
Charter h21
Air Taxi BEECH Queen Air Duke

Large Executive
Charter, Third
Tier Air Liners

8000-12,500 $100-600K

PIPER Navajo 300, Turbo
Navajo

NORTH AMERTCAN ROCKWELL-
Shrike Commander

BRITTEN-NORMAN ISLANDER,
Helio Twin Stallion

DEHAVILLAND Twin Otter

MOONEY MU-2G

NORTH AMERICAN ROCKWELL
Hawlk Commander

BEECH King Air

HANDLEY PAGE Jetstream



TABLE 11
GENERAL AVIATION

Generalized Propeller Weight Equation:

2 .

. D\~ /B\ 07 /A \ Y /ND v /SHPy 0.12 0.5

Wr = Rw (10) (4 ) 100 30, 000 ( .)) (M 1) + Cw
’ 101>

Where
WT = Prop. Wet \Weight, lbs. (excludes spinner, deicing & governor)
D = Prop. Dia, It,
B - No. of Blades

A.I'. - Blade Activity Faztor
N = Prop. Speed, RPM (take-off)
SHP = Shaft Horsepower, HP (take-off)

M = Mach No. (Design Condition: Max Power Cruise)

2 2/ 0.3
_ D A.F. 20, 000 S .
CW Ty <—-10 ) (B) (100 ) < D) ) = Countcrweight Wt., Ibs.

Kw, Cyw, u, v and y values for use in the weight equation are taken from table below:

Aircraft Technology }

Class 1970 1980 Kw u v vy
1 (1) (1) ' (1) 170 0.9  0.35 0
i (2) (2) (2) 200 0.9 0.35 0
11 (3) EI (3) 220 0.7 0.40 5.0
v (3) (@) i (4) 190 0.7  0.40 3.5
\ (3) 5) (5) 190 0.7 0.30 0

Propeller types associated with above Ky and Cy are as follows:

(1)  All fixed-pitch props

(2) Mc Cauley non-counterweighted, non-feathering, constant speed props

(3) All Hartzell, all Hamilton Standard small props, and feathering Me Cauley
(4) Fiberglass-bladed, constant speed, counterweighted, full feathered

(5) Fibergluss-bladed, constunt-speed, double-acting (non-counterweighted), full feathered,
reverse
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62

BLADE ANGLE AT 3/4 RADIUS.5-3/4

Cp =

Vg —

D -
‘SHP —
Po/P —

_ 101,4Vk

ND

SHP x Po/0 x 10"

~ 2N%

Cpg = Cpx Ppp x PCL;

WHERE

KNOTS TRUE AIRSPEED
PROPELLER RPM

PROPELLER DIAMETER — FT
HORSEPOWER

DENSITY RATIO

ACTIVITY FACTOR ADIUSTMENT

ey

I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 N 0.9

EFFECTIVE POWER COEFFICIENT, CpE

FIGURE 1, POWER COEFFICIENT CHART FOR A 2 BLADED, 150 ACTIVITY
FACTOR, 0,500 INTEGRATED DESIGN C; ; PROPELLER



0€

BLADE ANGLE AT 3/4 RADIUS, 8°3/4

T

_ 1014 VK
T ND

o = L514x 108 T(P0/0)
T= NZ2p4

CTg = CyxTap X TCL;

WHERE

VK — KNOTS TRUE AIRSPEED
— PROPELLER RPM

PROPELLER DIAMETER—FT

PROPELLER THRUST — POUNDS

DENSITY RATIO
ACTIVITY FACTOR ADJUS TMENT

EFFECTIVE THRUST COEFFICIENT, C1g

FIGURE 2, THRUST COEFFICIENT CHART FOR A 2 BLADED, 150 ACTIVITY
FACTOR, 0.500 INTEGRATED DESIGN cLi PROPELLER
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THRUST—PUMPS THRUST—POUNDS

THRUST—POUNDS

MAXIMUM CRUISE

2 BLADES — 1 OOAF — 0.5C
i

112 SHP — 7000 — 115 KNOTS
20°
300 =
6' B
150 ==
2ooh 5 (\
100
CLIMB 150 SHP — SL.— 70.5 KNOTS
600
20° 15°
\>/'— =
500f—8"E= —
~
[piA=¢ ¥
400
T.0. 150 SHP — S.L. — 52.5 KNOTS
700
B =|15°
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400
500 700 900

TIPSPEED FT/SEC

FIGURE 6, CATEGORY | PARAMETRIC STUDY
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: 8
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200
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300
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200
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300
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FIGURE 7. CATEGORY Il PARAMETRIC STUDY
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SPEED AND POWER SETTING
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. A
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W O.NO.:

ACCT. NO.:
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UAC CODING FORM # 3
ENGINEER: JKOSE WO R0 BEL mAIL AODRESS: _AERCDYNAMILS EXTENSION: 306

TITLE: CENERR!  AVIRZI0N [FROFELLEE STLLY ANALYST: SHEET 9% _oF X,
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oy

1

2

SHP

ALT-FT
V-KTAS
TEMD R

NUMRF

NIAGFT

be
5.
L
5.
&
3.

3.
Y.

9.
8.

SHP
ALT-FT
V—KT AS
TEMP °

NUMRE

DIA.F

6.00
6. 0N
6.00
6.00
.00
8.00
8.00
g.nn
8. 00
8.00

HAMIL TON STANDARD CAMPUTFER NDFCK NO. H432
CAMPUTFS PRRFORMANCE,NOI SF,WEIGHT,AND CQOST FOR
GENERAL AVIATION PROPELLFRS
AIRPLANE IN CATEGORY | SAMPLE CASE T
SHP THMDYT=TIPSPFED AND DIAMFTER VARIATINN-COST AND WEIGHT

OPERATING CONDITION

= L5, N(O. OF ENGINFS = 1. UNIT FACTOR L.C.
= 0. IFSIGN FLIGHT M.=0.187 1000 FACTOR L.C.
= R2.5 . CLASSTFICATION = 1.
= 519, FIELD PNINT FT, = SN0,

0 O RLADES= 2. ACTIVITY FACTOR=100.

¥EEx 1970 TECHNOLAGY *%%  *®&%x 1980 TECHNOLOGY
$CNST

o ToS.FPS THRUST ©ONL QUANTITY WT-LBS $COST QUANTITY WT-LBS
75N, "43. 101, 1910, 35, 215, 2230. 36.
350, 540. 97. 191¢. 34, 207, 2230, 34.
750, 514. 92. 1310. 313. 198. 2230. EEN
450, GTN, FEd kA 1910, 31. 188, 2230, 31.
557, 3T7 o Fxxddx 1910. 29. 178, 2230. 29.
989, 824, 97., 1910, 59. 357. 2230. 59.
69, 583, 92. 1910, 57. 343, 2230, 57.
750, 618. B8B8. 1910, 55. 329. 2230. 55.
550, 601, 84, 13910. 52 312. 2230. 52
557, 559. T0. 1910. 49, 295. 2230. 49,

APERATING CONDITION

= 112. NO. NF ENGINES = l.
= 7000, NESIGN FLIGHT M.=0.187
= 115.0 CLASSIFICATIDN = 1.
= 494, FIFLD POQINT FT = 0.

] 1F RLADES= 2. ACTIVITY FACTOR=100.

Te ToS.FPS THRUST PNL ANGLE FT M J ce cT
950 . 267, 0. 16.%4 1.000 0.,1782 0.643 0.0321 0.0421
350, . 280. 0. 19.8 1.G0N 0.17A2 0.718 0.0448 0.0550
750 . 275, 0. 23.7 1.000 0.1782 0.814 0.0652 0.0695
68D, 265, 0. 28.8 1.000 39,1782 0.939 0.100?7 0,089
560, 262, 0. 135.9 1.000 n.1792 1.110 0.15654 0.1184
9. 179, . 13.1 1.000 N,1782 0.643 0.01381 0.0159
3AN. 256, 0. 1l6.4 1.000 0,1782 N.718 0.0252 0.0283
150, 292, 0. 20.1 1.000 nD,1782 0.814 0.0367 0.0415
A50, 282, 0. 24.2 1,070 N.17R82 0.939 0.0564 0.053%%
550, 280. 0. 3n.0 1.00C 0.1782 1.110 0.0930 0.0741

"o
W
.

LAk

210.
202,
193,
184,
173.
348.
135,
320.
ins.,
?87.

INTEGRATED DESIGN CL =

ANGLE

13.3
16.5
20.4
25.8
33.8

8.8
11.5
15.0
19.3
25.4

FT

1. 000
1.000
1.000
1.000
1.000
1.100
1.000
1,000
1.000
1.000

M

0. 0794
0.0794
0.0794%
0.0794
0.07a4
0.0794
0.0794
0.0794
0.0794
0.0794

500

0.293
0.328
0.372
0.429
0.507
0.293
0.328
0.372
0. 429
0.507

INTEGRATED DESIGN CL =.500

FIGURE 11. SAMPLE OQUTPUT — SHP OPTION

cp cT

0.0349 0.0694
0.0487 0.0863
0.0709 0.1055
0.1089 0.1283
0.1798 0.1440
0.0196 0.0377
0.0274 0.0524
0.0399 0.0713
0.0613 0.0923
0.1011 0.1200
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N

THRUST
ALT=-FT
V-KTAS
TEMP R

NUMRE

DIALFT

THRUST
ALT-FT
V-KTAS
TEMP R

NUMBEF

DTALF

6.70
6.00
6.N0
600
3.00
], NN
g.0n
.09

HAMILTON STANDARD CNMPUTER NDECK NO. H432
COMPUTES PFRFORMANCE,NJI SE,WEIGHT,AND COST FOR
GENFRAL AVIATION PROPELLERS
AIPLANE IN CATEGPRY 11 SAMPLE CASF 2
THRUST INPUT-TIPSPEED AND DIAMETER VAR. - COST AND WEIGHT

APERATING CONDITION

nou
—

$COST

925,
884,
/43,
794 .
1548,
1460.
1378,

= 820, NO. OF ENGINFS = Te UNIT FACTIR L.C.

= 0, DESIGN FLIGHT M.=0,262 1000 FACTOR L.C.

= Tl.2 CLASSIFICATION = 2.

= S19, FIELD POINT FT. = 500,

R NF RLANES= 4. ACTIVITY FACTOR=150,.

*k%E 1970 VTECHNOLOGY **% *xx% 1980 TECHNOLNGY XXX

e TaS.FPS SHP PNL  QUANTITY WT-LRS $CIST QUANTITY. WT-LBS
850, 274, 97. 2810, 105. 1033. 5470, 105.
750, 270. 23. 281n0. 100, 988. 5470, 190,
650, 275, 90. 2810. 95, 941. 5470, 95.
550. 273, 86. 2910, 90. 387. 5470. 90.
850, 293. 94, 2810. 175, 1729, 5470, 175,
750, 2h0. 89, 2810, 165, 1631. 5470, 165,
650, 243, 85. 2810. 156, 15349, 5470. 156.
550. 242, 9l. 2810, 147. l451.  5470. 147.

NPERATING CONDITION

= 370, NA, NF ENGINFS = 1.

= 7500, NESIGN FLIGHT M.=0.262
= 163,2 CLASSIFICATION = 2
= 402, FTELD POINT FT = 0.

R IF ALADES= 4., ACTIVITY FACTNOR=150.

T. F.S5.FPS SHP PNL ANGLE FT L J cp cT
850. 226. 0. 23.5 1.000 0.2534 1.019 0.2919 1,07139
750. 213, N, 26,9 1,000 0.2534 1.155 0.1259 0.0950
68", 208, 0. 31.5 1.000 0.2534 1.333 0.1291 0.1264
550, 2172. 0. 37,8 1.N70 0.2534 1.575 0.,3179 0.1766
359, 262, N. 22,0 1.000 0.2534 1.019 0.0%98 0.0416
750, 232. 0. 25,1 1.00NN N.253% 1.155 0.0773 0.N534
650, 215, 0. 29.1 1.000 0.2534 1.333 0.1098 0.0711
567 nT. 0. 343 1.000 0.2534 1.575 n,1747 0.0993

1299.

INTEGRATED DESIGN CL =.

ANGLE

15.2
18.6
23.6
30.3
11.5
14,0
17.5
22.5

FT

1.000
1.000
1. 090
1.000
1.000
1.000
1.000
1. 000

M .

0.1077
0.1077
0.1077
0.1077
0.1077
0.1077
0.1077
0.1077

500

0. 445
0.504
0.582
0.687
0.445
0. 504
0.582
0,687

INTEGRATED DESIGN CL =.500

FIGURE 12, SAMPLE OUTPUT — THRUST OPTION

ce

0.0888
0.1276
0.1993
0.3268
0.0535

0.0690

0.0992
0.1634%

cT

0.1309
0.1682
0.2239
0.3127
0.0737
0.0946
0.1260
0.1759
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HAMILTON STANDARD COMPUTER DECK NO. H432
COMPUTES PERFORMANCE,NOISE,WEIGHT,AND COST FOR
GENERAL AVIATION PROPELLERS
1 ATRPLANE IN CATEGORY 1V SAMPLE CASE 3
2 SHP INPUT—CALC. TIPSPEED FOR SOPERCENT STALL-COST FOR RANGE QUANT.

OPERATING CONDITION

SHP = 340, NO. OF ENGINES = 2. UNIT FACTOR L.C.
ALT-FT = 0. DESIGN FLIGHT M,=0.327 1000 FACTOR L.C.
V-KTAS = T7.5 CLASSIFICATION = 4.
TEMP R = 519. FIELD POINT FT. = 500,

NUMBER Df BLADES= 4. ACTIVIYY FACTOR=200.

[[I]]
[
.

*¥* 1970 TECHNOLOGY *%% %&% 1980 TECHNOLOGY *%¥

DIALFT, T,.S.FPS THRUST PNL QUANTITY WT-LBS $COST QUANTITY WT-LBS
8. 345, 8l8. 7. 1. 228. 7106. 1. 185.
1001. 228. 2252, 1001, 185,
2001. 228. 2C07. 2001, 185,
3001. 228. 1876, 3001. 185.
4001. 228, 1788, 4001, 185,

NUMBER OF BLADES= 6. ACTIVITY FACTOR=200.

%% 1970 TECHNOLOGY #*x

DIALFT. T.S.FPS THRUST PNL QUANTITY WT-LBS $COST QUANTLITY WT-LBS
8. 282. 828. T4, 1. 306. 11926. l. 245.
1001. 306. 3780. 1001. 245,
2001. 306. 3368. 2001. 245,
3001. 306. 3149. 3001. 245,
4001, 306. 3002. 4001. 245,

$COST

7770,
2463,
2195,
2052,
1956.

*%¥ 1980 TECHNOLOGY %%

$COST

12887,
4084,
3640,
3403,
3244,

INTEGRATED DESIGN CL =.600

ANGLE  FT M 3 cp cT..
46.3 1.000 0.1172  1.194 0.9333 0.4473
INTEGRATED DESIGN CL =.600
ANGLE  FT M J cp cT
51.2 1.000 0.1172 1.459 1.7021 0.6759

FIGURE 13, SAMPLE OPTION — 50% STALL OPTION
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HAMIL TAON STANDARD CNMPYTER NECK N. H432
COMPUTFS PERFORMANTE,NTISE,w FIGHT AND COST FOR
GENFRAL AVIATION DPROPFLLERS
1 AIRPLANF [N CATEGORY 1V SAMPLE CASE 4
2 REVERS® THPUYST QPTION

REVFESE THRUST COMPUTATINN

RECTPRICATING ENGINF

FULL THROTTLE SHP = 550,
FULL THROTTLS RPY = 220C.
TOUTH NOWN V=KN1TS = 1?2,
ALTITHOF FEFT = 0,

TEMDERATURF RANKINC= 19,

NUMRF® OF A1 ADES= 1, CTIVITY FACTAR=1N0,  INTEGRATED DESIGN CL=.509

THROTTLF FFVFEQSF RFEVERSF
NTALFT SFETTING ANSLF  V-KNTTS THPUST SHP RPM

2.5 no, -12.9 0.0 524, 850. 2199,
12.Nn 515, 547. 2148, !
20.0 TN 543, 2172,
37.7 822. 538, 2151.
40,0 933, 531. 2124,
500 10539, 523. 2092,
60, " 1179, 514, 2056,
70.7 13113, 503, 2013,
72.9 1342, S01. 2004,

9.5 0. -il.2 0.0 3813, 440, 2198,
11.0 “69. 437. 2187,
23,0 8455, 434. 2170,
30.0 673, 430. 2149,
4.0 730. 425, 2124,
50. N 913. 419, 2093,
60.0 1035, 412. 2059.
0.0 1173, 404, 2019,
72.0 12n4. 402. 2010.

2.5 60, -1.2 2.0 208, 330. 2200.
10.0 2913. 2R, 2184,
20.0 388. 325. 2165,
30.0 495, 321. 2143,
40.0 612, 318. 2117.
57,0 T37. 313. 20R7.
60,0 R& 1. 308, 2054,
70N 1002, 303, 20118,
72.0 1035, 302. 2010,

FIGURE 14, SAMPLE OUTPUT — REVERSE THRUST OPTION






APPENDIX A
FLOW CHART, SUBROUTINE LIST AND FORTRAN IV LISTING FOR
HAMILTON STANDARD DECK H432

Hamilton Standard computer deck H432 computers propeller performance (static,
flight, and reverse), noise, weight and cost for a broad spectrum of propeller
geometric configurations over the complete range of potential operating conditions.

The flow chart is presented on figure 1A, the list of subroutines on figure 2A,

and the FORTRAN IV listing on figure 3A.
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(INPUT)

INPUT DATA
FOR ONE CASE

‘ (MAIN)

SETUP DIAMETER
ACTIVITY FACTOR
NUMBER OF BLADES
TIPSPEED
CONDITIONS

(PERFM)

(PERFM)

OPTION

REVERSE THRUST

(101)

THRUST

(PERFM)

REVTHT)

DETERMINE
TIPSPEED AT WHICH
BLADE WILL BE

50% STALLED

CALCULATES THRUST
FOR GIVEN SHP

CALCULATES SHP
FOR GIVEN THRUST

CALCULATES
REVERSE ANGLE
AND REVERSE THRUST

t

CALCULATES

NOISE

YES

(WAIT)

CALCULATES
WEIGHT

7

CALCULATES

PRINT

COST

cosT)

RESULTS

4

HAVE ALL
CONDITIONS FOR

NO

THIS CASE
BEEN COMPUTED

FIGURE 1A COMPUTER PROGRAM FLOW CHART
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HAMILTON STANDARD DECK H432

Computer Program for Advanced General Aviation
Propeller Studies

MAIN
INPUT
PERFM
ZNOISE
WAIT
COST
REVTHT
UNINT
BIQUAD

Figure 2A. LIST OF SUBROUTINES
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_FORTRAN IV G LEVEL 20.1 MAIN

0001
0002

0003.

0004

0005. .

0006
0007
0008

0009
0010

0011
0012
0013
0014
0015

0016

0017
0018
0019
0020
0021
0022
0023

06024
0025

0026 .

0027
0028

0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040

0041
0042
0043
0044
0045

OO0

701

1

710

IW=

100
120

140

160
180

706

DATE = 72034 10/08/04

REAL*8 BLANK

COMMON/AFCOR/AFCPEAFCTE 4 XFT

COMMON/ASTRK/CPAST,CTAST,ASTERK

COMMON/CPECTE/CPE,CTE,BLLLL

DIMENSION FC{10) o ALTPR{1L)4PRESSRI11)4RORD(10),ZMS(2)

DIMENSION DIST{10),CQUAN(2,11),C0ST70(10),C0OST80110)

DIMENSION BHPG{10),THRSTG(10),TIPSDG(11)

COMMON /ZINPUT/ BHPU10), THRUST(10),ALT(10),VKTAS(10),7(10),TFS(10)
1L+IWIC{10) ,NOF,D4DDsNDyAF,DAF,NAF,BLADN,DBLAD, NBL,DTS{10),NDTS{10)
2+DISTyXNDE ¢ WTCONy ZMWT,, STALIT(20)yCLF14CLF,CK70,CK80,CAMT,DAMT,, NAMT
3,DCOST(10)sCLII#DCLIVZNCLIZRTCsROT+PCPW{10) NPCPW(10),BETA{10),
4DPCPWI(10)RPMC{10),ANDVK{10)

DATA ALTPR /04510000.,20000.,30000.+40000.,50000,,
X60000.,70000.,+80000.,90000.,100000./

DATA PRESSR /1.0968779¢645959.29705.1851,.1145,.07078,
Xe0%4419,4.02741,.01699,.01054/

DATA BLANK/6H /

CBRT(X)= X¥*%{1l./3.)

CONTINUE

WRITE (6,1)
FORMAT ('1',19X*HAMILTON STANDARD COMPUTER DECK NO. H432*/17X'COMP

LUTES PERFORMANCEsNOISE,WEIGHT4AND COST FOR'/26X*GENERAL AVIATION P
2ROPELUERS')

CALL INPUT

DO 700 IC=1,NOF
NCOST=DCOST({IC)+.01

IF (STALITU{IC).LE..S50) GO TO 710
NDTS{1C)=10

DTS{IC)=0.0

CONTINUE

IW= IWIC{IC)
1 HP INPUT

=2 THRUST [INPUT

Iw=3 REVERSE THRUST
IF (IW.LE.3) GO T3 3

WRITE (6+2) IW,IC

FORMAT ( ¢ INPUT ERROR, Iw= *,I2,* IC= *,12 )
GO TO 700

CONTINUE

COMPUTATION OF DENSITY RATIO
IF{T{IC))100,100,160 '
{IF(ALT{IC)-36000,)120,120,140
T(IC)=518.688-.00356*%ALT{IC)

GO TO 180

T(IC)=389.988

GO TO 180

T(I)=T(IC)+459,69

T0=518.69

TOT=TG/T(IC)

FCLIC)=SQRT(TOT)

CALL UNINTY (L1,ALTPR,PRESSR¢ALT{IC) POPLLIMIT)
RORO(IC)=1.0/(PDOP*TOT)

AF LOOP

AFT=AF-DAF

IF {IW.EQ.3) GO TO 2000

WRITE (6,706)

FORMAT {(*0',18X*OPERATING CONDITION®/)
[FI{NCOST-1)290,200,290

FIGURE 3A. FORTRAN IV LISTING
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FORTRAN IV G LEVEL

0046
0047

0048
0049
0050

0051
0052

0053
0054
0055
0056

0057
0058

0059

0060
0061
Q062
0063
0Cé64
0065
0066
0067
0068

0069
0070
0071
0072
co73
0074
0075
0076
0077
0078
0079

0C80
0081
0cs2
0083
0084
0085
0C86

0087
0088
ocse

20.1 MAIN DATE = 72034 10708704

200 IENT=1
CALL COST {(WTCON,BLADT,CLF1,CLFsCK70,CKB80,CAMT,DAMT,NAMT,CQUAN(1,1
1) s WT70,WTB0,COST70,COSTB0+CCLFL,CCLF4CCKT70,CCKB04IENT)
GO TO {210,230),1IW
210 WRITE (64220) BHPUIC) s XNOE,CCLF1

220 FORMAT{* SHP =1 3FT70,9X*NO. OF ENGINES =*,F5.0,9X*UNIT FACTOR
lLICl =.'F5.2,
GO TO 250

240 FORMAT(® THRUST =74F7.0,9X"NO. OF ENGINES =1,F5,0,9X*UNIT FACTOR
fL.Coe ="F5.2,

230 WRITE (6,240)THRUSTI(IC) +XNOE,CCLF1
250 IF{CKT0.6GT.0..0R.CK80.GT.0.) GO TO 255
WRITE (64252) ALT{IC)y ZMWT,CCLFVKTASC(IC)yWTCON,T{IC),DIST(IC)
252 FORMAT(* ALT-FT ='"4F7.0¢9X+*DESIGN FLIGHT M.=",F5.3,9%X, *1000 FACTO

1R L.C. =V yF5.2/% V-KTAS =" yFT7.1¢9Xs*CLASSIFICATION =*,F5.0/' TE
2MP R ='3FTa0s9X"FIELD POINT FT. ='"4F5,.0)
GO 70 270

255 WRITE (64260) ALTUIC) sZMNWT yCCLFy VKTAS(IC) 4 WTCONy CKT70,TLIC),

10IST(IC), CKBO
260 FORMATI( * ALT-FT =",F7.Q99Xy*"DESIGN FLIGHT M.=%,F5.3,9X,'1000 FACT

10R L.C. =8 3F5.,2/%' V-KTAS =*3FT7.149Xs"CLASSIFICATION =*,F5.0¢9X,
2%UNIT COST 1970 =T, FS5.1/% TEMP R =*4FT.049X,*FIELD POINT FT. =
3%, F5.0,9X,*UNIT COST 1980 =%,F5,1)

GO TO 270

290 GO TO (10412),1IW
10 WRITE (6411) BHP{IC),XNGE

11 FORMAT( * SHP =% 2FT.0923X*'N0O, OF ENGINES =',F5.0)
GO T0O 14

12 WRITE (6413} THRUST(IC),XNOE

13 FORMAT( ¢ THRUST =*'4F7.0,422X*NO. OF ENGINES =*,F5.0)

14 WRITE (6,15) ALTUIC) »ZMWTyVKTASCIC)yWTCON,T(IC),DISTIL{IC}
15 FORMAT(® ALT-FY =%,FT7.0923X*DESIGN FLIGHT M,=',F5,3/% V-KTAS =17,
LFTe1923X CLASSIFICATION =',F5.0/% TEMP R =',FT7.0423X*FIELD POINT
2 FT =*,F5.0)
GO TO 270
2000 WRITE (6,21001)
2100 FORMAT ('0',21Xy*REVERSE THRUST COMPUTATION®'//)
IF {(ROT.EQ.1.) GO TO 2300
WRITE (6,2200})
2200 FORMAT (24X,'RECIPROCATING ENGINE®*//)
GO TO 2400

2300 WRITE(6,2350)

2350 FORMAT ({27X,*TURBINE ENGINE®*//)

2400 WRITE {(642500)BHPUIC)RPMC{IC) ,ANDVKIIC)ALT{IC),T{IC)

2500 FORMAT ({22X,'FULL THROTTLE SHP ="', F6.0/22X,'FULL THROTTLE RPM =
1%9yF6.0/22X4*TOUCH DOWN V—KNOTS =*,F6.,0/22Xs"ALTITUDE FEET =%,
2F6.0/22Xy "TEMPERATURE RANKINE=',F6.0//)

270 DO 1200 IAF=1,NAF

AFT=AFT+DAF
IF(AFT .LE.200. . AND.AFT.GE.B0.) GO TO 182
WRITE(6,181) AFT
181 FORMAY( * TLLEGAL ACTIVITY FACTOR = ',F8.1)
GO YO 1200
182 CONTINUE
INTEGRATED DESIGN CL LOOP
NCLI=INCLI+.1
CLI=CLII-DCLI
DO 1001 ICL=14NCLI

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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FORTRAN IV G LEVEL 20.1 . . MAIN DATE = 72034 10/08/04
0090 CLI=CLI+DCLI
0091 [IF{CLI.LE..B80001.AND.CLI.GE.+29999) GO TO 875
0092 WRITE (6,870) CLI
0093 870 FORMATU * ILLEGAL INTEGRATED DESIGN CL =',f5.3)
0094 GO 70 1001
0095 875 CONTINUE
c NO. OF BLADES t0OP
0096 BLADT=BLAON-DBLAD
0097 DO 1000 IB=1,NBL
0098 BLADT=BLADT+DBLAD
0099 IF(BLADT.LE.B++.AND.BLADT.GE.2.) GO TO 888
0100 WRITE(6,887) BLADT
0101 887 FORMAT(' ILLEGAL NO. OF BLADES = *',F8.1)
0102 GO 7O 1000
0103 888 CONTINUE
C PRINT APPROPIATE HEADING
0104 IF {IW .LT.3) GO TO 2700
0105 WRITE ({6,2650) BLADT,AFT,CLI
0106 2650 FORMAT {'0"', "NUMBER OF BLADES=*,F3.0y* ACTIVITY FACTOR=',F4,0,"
LINTEGRATED DESIGN CL=',F4.3/)
0107 WRITE (642660)
0108 2660 FORMAT (13X, *THROTTLE REVERSE',8X, "REVERSE'/5X,'DIA.FT SETTING
INGLE V-KNOTS THRUST SHP RPM® /)
0109 GO TO 30
0110 2700 WRITE (6520) BLADT,AFT,CLI
0111 20 FORMAT{*0',' NUMBER OF BLADES='",F3.0,18X*ACTIVITY FACYOR=',F4,.0,
X18X* INTEGRATED DESIGN CL ='",F4.3)
0112 IF{NCOST.EQ.1) GO YO 500
. 0113 GO TO (21+24) 41U
0114 21 WRITE {6422}
0115 22 FORMAT{'0'," DIA.FT. T.S.FPS THRUST PNL ANGLE FT M
1 J ce cTr/)
0116 GO 10 30
0117 24 WRITE{(6425)
0118 25 FORMAT('0'," DIA.FT. T.S.FPS SHP PNL ANGLE FT M
14 ce cTY /)
o119 GO TO 30
0120 500 GO TO (510,550),1wW
0121 510 WRITE (6,520)
0122 520 FORMAT({-'0®',30X%%%% 1970 TECHNOLOGY *=z%* *x* 1980 TECHNOLOGY *x*x¥tv/
1* DIA.FT. T.S.FPS THRUST PNL QUANTITY WT-LBS $COST QUANTITY
2 WI-LBS $COST ANGLE FT M J ce crt/)
0123 GC TO 30
0124 550 WRITE (64560)
0i2s 560 FORMAT({'0?,30X*%x%x 1970 TECHNOLOGY ¥*%% **xx 1980 TECHNOLOGY XXX'/
1* DIA.FT. T.S.FPS SHP PANL  QUANTITY WT-LBS $COST QUANTITY
2 WT-LBS $COST ANGLE FT M J ce CT'/}
0126 30 CONTINUE
0127 ILINE=ILINE+6
C DI AMETER LOOP
0128 DI A=D-DD
0129 DO 800 ID=1,ND
0130 DIA=DIA+DD
0131 IF {IW.EQ.3) GO TO 3000
C TIPSPEED LQOP
0132 [IF(STALITUIC).LE..500G0 TO 310
0133 DYSC{IC)=0.
0134 TRIG=0.

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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FORTRAN IV G LEVEL 20.1 MAIN DATE = 72034 10/08/04
0135 NTS$=10
0136 TIPSDG{1)=700.
0137 TIPSPD=700.
0138 GO TO 320 .
0139 310 TIPSPD=TS{EC)-DTS{IC)
0140 NTS=NDTS(IC)
0141 320 DU 600 ITS=1,NTS
0142 TIPSPD=TIPSPD+DTSIIC)
MACH NUMBER CALCULATION AND ADVANCE RATIO J
0143 IMS{11=.001512%VKTAS{IC)*FC{IC)
0144 ZMS{2)=TIPSPD*FC{IC)/1120.
0145 IM1=2MS(1)
0146 340 ZJ1=5.309%VKTASI{IC)/TI1PSPD
0147 IF{ZJI.EQ.0.) ZM1=ZMS(2}
0148 IF (STALITUIC)«LE«.50.AND.ZJI.LEL5.0) GO TO 342
0149 IF(STALIT(IC).GT..50.AND.ZJI.LE.3.0) GO TO 342
0150 WRITE(6,341) 2JI
0151 341 FOKMAT(* ADVANCE RATIO TOO HIGH = ¢, FB.4)
0152 GO TO 600
0153 342 CONTINUE
ITERATION ON CT QR CP TO GET 50 PERCENT STALL TIPSPEED
0154 IFIN=0
0155 IF (STALIT(IC).LE..50) GO TO 399
0156 FWSV=1w
0157 IW=3
0158 CALL PERFM (3,CP,ZJl,AFTyBLADTCLI,CT4ZMS$,7710)
0159 IW=IWSYV
0160 IF(IW.EQ.2) GO TO 712
0lel 711 BHPG(ITSI=2,0%TIPSDGIITS) #¥3%DIA*%2%6966.%CP/(10.ELO*RIRD(IC))
0162 IF ({ABS(BHMP(IC)—BHPG(ITS)).GE..005%BHP(IC)) GO TO 705
0163 THRUSTIIC)=CT*TIPSPD**2%DIA%*%2/( L. 515E06%RORA(IC) I ¥364., 76
0164 TRIG=1.
0165 GO TO 720
0166 705 IF(ITS.EQ.1) GO TQ 7000
0167 TIPSDG(ITS+1)={ALOG(BHP(IC))~ALOGIBHPG(ITS—1) })*(TIPSDGLITS)-
LTIPSDGLITS—1))/(ALOG{BHPG(ITS))-ALOGIBHPG(ITS—1)))4TIPSOGIITS-1)}
0l68 GO TO 709
0169 7000 TIPSDG(2)=4C0.
0170 TIPSPD=TIPSDG(ITS+1)
0171 GO TO 600
0172 712 THRSTGUITS)=TIPSDGI{ITS)I#*x24DIA%%2%364.76%CT/(1.515E06%RORO(IC) )
0173 IF(ABS{THRUST(IC)I—THRSTG{I1TS)).GE..005%THRUST{IC)) GO TOT22
0174 TIPSPD=TIPSCGITS)
0175 BHPLICI=CP*2,0%TIPSPD**3%DIA%*2/(10.ELO*RORO{ IC) ) *6966.
0176 TRIG=1.
0177 GO TO 720
0178 722 IF{IT$S.EQ.1) GO TO 7000
0179 TIPSDG(ITS+1)={ALOG{ THRUST (IC)}—ALOG(THRSTG(ITS-1)))*(TIPSDG(ITS) -
LTIPSDGI{ITS~1))/(ALOG(THRSTG(ITS) }~ALOGITHRSTGIIT1S—1)))+TIPSDG
2¢115-1)
0180 709 TIPSPD=TIPSDG(ITS+1)
0181 IFINTS.NE.ITS) GO TO 600
o182 WRITE { 6,598)
0183 598 FORMAT {//* FAILED STALL ITERATION *// )
0184 60 TO 700
END OF TIPSPD ITERATION 50 PERCENT STALL
CALCULATION OF REQUIRED CP OR CT
0185 399 IF{IW-1)400,400+430

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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FORTRAN IV G LEVEL 20.1} MAIN DATE = 72034 10/08/04

0186 400 CP=BHP(IC)*¥10.,E10%RURO(IC) /(2.,0*%TIPSPD**3*DIA%*2%6966.)

0187 CALL PERFM [1oCPyZJI AFT ¢BLADTSCLICT4,ZMS,LIMIT)

0188, 420 THRUSTUIIC)=CT*TIPSPD**2%DIA*%2/{1L.515E06¥RORC(IC))*364.T6¥XFT

0189 IF {CTLEQ.ASTERK) THRUST(IC)=9999999999,

0190 GO TO 460 .

019l 430 CT=THRUST{IC)I*]1,515E06*%RORO(IC)/{TIPSPDX*2%DIA*%2%364,76)

0192 CALL PERFM (2,CP,ZJI ,AFT,BLADT +CLESCT IMS,LIMIT)

0193 450 BHP{IC )=CP*2 ,0%TIPSPD*%x3%DIA*%2/{10,ELO0*%ROR0O{IC))I*6966.

0194 IF (CP.EQ.ASTERK) BHP{IC)=999999999,

0195 460 IF {CP.NE.ASTERK) GO TO 720

0196 PNL=99999999,

0197 WT70=99999,

0198 w780=99999,

0199 COST70(1)=99999.

0200 COSTBO(1)=99999.

0201 GO TO 730

0202 720 PNL=0.0

0203 ISTALL=0

0204 [F(DISTIIC)LE.C.) GO TO 461

0205 CALL INOISE (BLADT,DIA,TIPSPD,VKTAS{IC) ,BHP{IC),DIST(IC),PNL,
LFC(IC) XNDE)

0206 CPA=CP

0207 CTA=CT

0208 SBLLL=BLLLL

0209 SXFT=XFT

0210 IWSV=1W

0211 Iw=3

0212 CALL PERFMI(3,CPZJI+AFT,BLADTCLICT,ZMS,7710)

0213 cps=Ccp

0214 CP=CPA

0215 CT=CTA

0216 BLLLL=SBLLL

0217 XFTI=SXFT

0218 ITw=IWSV

0219 IF (CP.GT.CPSY PNL=93599999,

0220 461 CONTINUE

0221 wl70=99999.

0222 WTE0=99999,

0223 COST70{1)=99999,

0224 COSTR0{1)=99999,

0225 IF {NCOST-1) 730,725,730

0226 725 IF(NCOSTLEQel)CALL WAIT{WTCON,ZMWT yBHP(IC)sDIA,AFT,BLADT,TIPSPD,
1WT7C,WT80)

0227 {ENT=2

0228 CALL COST {(WTCON,BLADT,CLFLyCLF,CK70+4CKBOyCAMTDAMT NAMT,CQUAN(L1,1
1) s WTTOyWTBO,COSTTO0sCOSTBO4CCLFL4CCLF,CCKTO,CCKABO,IENT)

0229 GO TO {5704580),1IW

0230 STC WRITE (64STSIDIA,TIPSPDy THRUST{IC) PNLyCQUAN(L1,1),WY70,C0ST70(1),
1CQUAN{ 2,10 yWT80,COSTBO11) yBLLLL XFT,ZM1,y2J1,CP,CT

0231 575 FORMAT(2FTeaO03FIe04F0.042FBa04FFe042FBe09FFe09FI,19F6.39FTa4%,F8.3,
12FB.4)

0232 GO TO 585

0233 580 WRITE {64575) DIALTIPSPDyBHP{IC)+PNL,CQUANI1,1) WTT70,COST70(1),
1CQUAN{291) +WT80,COSTBO{L) ¢ BLLLLyXFT4ZML,241,CP,CT

0234 585 IFINAMT-1) 40,40,586

0235 586 DO 588 [=2,NAMT

0236 WRITE{6+4587) CQUANIL,I),WTT70,COST7O({I),CQUAN(2,1),WVT8B0,COSTRO{(I)

0237 587 FORMAT (29X32F8,04F9.0,2F8.0,F5.0)

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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0238
0239
0240
0241
0242
0243
0244
0245
D246
0247
0248
0249

0250
0251
0252
0253
0254
0255

0256
0257
0258
0259
0260
0261
0262
0263
0264
0265

DATE = T2034 10708704

588 CONTINUE
GO0 7O 40
730 GO TO (31,34)41IW
31 WRITEU6432) DIALTIPSPD,THRUSTUIC) +PNL+BLLLLyXFT¢ZM14241+CP,CT
32 FORMATI{FT7.24FT7e09F409F6.09F6.LeFBa34FTo%sFB.342F8.4)
GO 10 40
34 WRITE{6432) DIA,TIPSPD+BHP{IC)sPNL+BLLLLyXFT9ZMIyZJT4CP4CT
40 IF{TRIG.EQ.1l.) GO TOQ 750
IF{ISTALL.EC. 2) GO TO 800
IF(IFIN.EQ.7710) GO YO 800
600 CONTINUE
IF (IW.LT.3) GO TO 750
c REVERSE THRUST CALCULATION
3000 IRT=NPCPWI(IC)
PCPWC=PCPW(IC)
DO 3900 I=1,IRTY
IF {(RTC-1.) 3200,3100,3200
3100 CP=BHPUIC)*PCPWC*ROROC{IC}I*10.E10/(2.0%RPMC({ICI**3xDIA*x*5%]100,)
3200 CALL REVTHT (RTC,ROT,AFT,CLI,BLADT,DIA,CP,BETA{IC),RORD(IC),
1BHP(IC) +RPMCUIC) PCPWC,ANDVK(IC))
PCPWC=PCPWC+DPCPWI(IC)
3900 CONTINUE
750 CONTINUE
800 CONTINUE
1000 CONTINUE
1001 CONTINUE
1200 CONTINUE
700 CONTINUE
G0 TO 701
END

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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onnl
0002
0003
0004
Qans

none6
nnov
0028
0009
nol1e
on11
0n1?
00113
0N14
0015
nN1e
nery
onie
o019
Qo020
0021
0022
0022

nN24
co25
anzs

0027
cnzR
nNa2g
0C3an
0Nyl
on3z
nnaz
no3y
nn3ais

G LEVE

10

L

w N

7

20.1 INPUT DATE = 72031 .. .. .08/48/14 _
SUBROUTINE INPUT B L
REAL %8 TITLE
DIMENSION DIST(10) : B ) o
DIMENSYON TITLE(14)

COMMON / ZINPUT/ BHP{10)THRUST{10},ALT(10),VKTAS(10),T{10),TS(10)
Ly TWIC(10) 4NOF,D,DDNDyAF DAF ,NAF,BLADN, DBLAD, NBL, DTS (10} ,NDTS{10)
2yDISTHXNOFs WTCONy ZMWT,STALIT{10) ,CLF1,CLF,CK70,CKR0,CAMT,DAMT ,NAMT _
34NCOST(L1O0)CLYTDCLIZZNCLToRTCHyROT PCPW{10)y NPCPW(101},BETA{10),
4DPCPWI(10),RPMC(10),ANDVK(10)

npo 3 I=1,2

RFAD (5,1) TITLE

FORMAT (13A6,A2)

WRITE({6,72) TITLE

FORPMAT (*'0',13A6,A2)

CONTINUF

READ (5,4) IDUMy XNOFyWTCONZMWT4CLFL CLF,CK70,CK80,CAMT, DAMT , CNAMT

IF{INUM.EFQ.99}) GO TO 10

READ (S,4)I00UM,D DN ZND,AF,DAF,ZAF,BLADN,DBLAD, ZNBL

READ {5,4) NOF,CLII,DCLT4ZNCLI,RTC,RQOT
FORMAT(3X1I3,12F6.1)

ND = IND+,01

NAF= ZAF+,01

NBt = ZNRL+. 01

NAMT =CNAMT +,01
N6 IC=1,NOF

IF {ROT.F2.0N.} GO TO 7

READ (544) IWICLTIC)RHP {ICI,ALT{IC ), ANDVKI{IC)+TLIC)RPMC(IC),
LPCPW(IC)DPCPWIIC) ZPCPW,BFTA(IC)

MPCPW(IC)=7ZPCPW
G0 1O S

PEAD(Se4) TWICCIC) BHP(IC)ALT{IC) VKTAS{IC),T(IC}), TS{IC),
IDTSCIC),ZNNDTS,DIST{IC),STALIT(IC),DCOST(IC)

NDTS{IC)I= 7ZNDTS

TF(IWICLIC)EQ.1) GO 1O 5

THPUST(ICY= BHP{IC)

RHP(IC )= 0.0

CANT INUE
CANTINUE

RETURN

CALL BXIT

END

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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0001 . . . e SUBROUTINE PERFM {(IHWCPyZJIAFTBLADT CLI,CT9ZMS,KIMIT)
0002 COMMON/AFCOR/ AFCPEsAFCTE XFT
0003 . .. . ..  COMMON/CPECTE/CPE.CTE,BLLLL
0004 . COMMON/ASTRK/CPASTCTAST,ASTERK :
=-0005 . . ... _DIMENSION AFVAL{6):AFCPC(632)AFCTC(6452)sAFCP(T)AFCTIT) XLB(4&),
X INNTT) ¢ ZJJIUT) o CTTU(T) eCPPLT I oCTTT(4) oCPPP (%) o CPANG(10+T24)

_XCTANG( )02 714) 2+ BLDOANG(10,7) o NJU{T) oBLL{T7),BLLLIT),CTEC(14),
XKPFCLICGT) o TFCLILT) 2CPCLIC(1496),CTCLII1496)oXPCLI{14+46)+XTCLI(14,46)
XeCCLILO) ¢ZMCRLILL96)9yZJCLULL)CPECI14),BLDCRIL4¢4),ZIMMMC{93}
XoNCLXAL6) o PXCLIL6) yBTDCRIL1454) s TXCLI(6) 4 XFFT(6),XFTL{7)

XeLPGL6)2CPGLL6) CTGIE),CTGLLE) CTALT)HCTYALLT)H»CTNLT)ZMS(2)

0006 DIMENS ION _DUHI(ZOO" DUM2( 2003, DUM3{200), DUM4(200),ZMCRO{6)
.0007 . . . DIMENSION CTSTAL{9+4),CPSTAL(9,4),ZJSTAL(9)
0008 EQUIVALENCE (CPANGI1,4,2),DUM1(1))y (CPANGI1,7+3),DUM2{1)),
. i i X (CTANG{134+2)4DUM3{1)), {CTANG(1s7+3),DUM4(1))
0009 DATA AFCPC /71e6T31e3751.16541.0,.881,.81,
e e e . . X 1.5501.3391.149451.9.890,.82/
0010 DATA AFCTC /163991279 1e12341.0,.915,.865,
B X 14691.2951.14351.09.890,.84/
0011 DATA AFVAL /804910044125491504491754,200./
_.0012_ . .. . DATA BLDANG /0e12ea1be1609l0e9l%e91809222926.94304
X 10e91569020092549306935494%04,
e X 1009150920292509030019350940.945.¢2%0.,
X 200925e93009354¢4009452950.955.92%0.
X 3001350690404 1945.95009554360.93%0,,
X 4549470595001 52e¢5955.957:5960.962.5,65.
- Xe6TeSy .
X 57e5¢6046962e53654967.5,70./

. 0013 . GATA BLODCR 71e8431e77591e7591aT4y1.T691.7841.8041.81,

11.83551.8591.86551.875,1.88,1.88,

X leglaplersleslerlavlorlagslerlaslagleslasle

le

X . 09853 ¢6354e6754e7109e738B¢e7459.7589.755,

le7054 7354071030 7259T72590. 725,

X . e4154.46044505905359.5600.5759.6004.610,

1e630926304.6104,60545.600,,600/

0014 DATA BTDCR /1.5851.685,41.73,1.758,1.777,1.802,1.828,1.839,1,.848,
11.85091.850,1.850,1.850,1.850,
2leslenlesleslaplarlesleylerlarylorlerlayrlay
3069184 87%908449.8202.802¢.78l2aT6%9e752947509 750407504 .7504.750,

- 4.750' N .
5.86‘lo797' 0758’-7281- 7011 -677' 06521.6"0'-630' -622'--620' -620'06?0’
. 6,620/
0015 CAYA CCLI /.344%9e51264075.8/
. 0016 . DATA CPANG /+01584.0165,.0188,.0230,.0369,.0588,

Xe091l4y9.1340+.18164.2273,
X «02159.0459,.0829,4,1305,.1906,.2554,
X &%0,,
X —+01499-.0088+.01734.07449.14144.2177,
Xe3011,.3803,2#%0.

- R X ~e06709-e03855.0285941304,4.2376,.3536,
Xe46T49.5535,2%0,,

- X ~211509-.0281+.10864.2646,.4213,.5860,
Xe7091 +3%¥0.,
X ~21151900709¢14364429104.43454.5744,
Xe71l4249.85064.9870,1.1175,
X ~e242T79.0782+042429.77T051.1164,1.4443,
X 4%04y
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X 203119403209.0360,.0434,.0691,.1074,
Xe15609422495.3108,4.4026,

X e0380940800+9¢149479.2364,.3486,.4760,
X 4%Q,.,

X ~e02284-e01099203264413264,25789.399,

Xe56644.,T722T+2%0./

0017 DATA CPCLI/.01149.02949.0491,.0698,,0913,.1486,,2110,.2802,.3589,
1044434..53689.625540e1900
2e02944.40478,5.067890089344111845.1702942335,.3018,437754.4610,.5505,
3.633140.904,

4402709 e032%4.06865.06714.0875+9.1094,.1326941935,,2576,.3259,.3990,
5448059 .5664546438,
62,0490, 405244.06849.0868941074,.1298941537,42169,.2827443512,+.4235,
750259 5848446605,
8.07054..07439.08919.10749.1281941509941753,4.2407,.3083,.3775,.4496,
Fe5265,.6065y.6826,
Ae09159e09739e11143061290901494,017239419724¢26469¢334549.4047,.4772,
Be5532446307y.7092/

0018 DATA CPEC /e011202720314044.059e0619¢087¢1094154.20,.25,
1.30¢435,440/

0019 DATA CTANG /.0303,.0444,.0586,.0743+.1065,.1369,
Xel608,y.1767+.1848,,1858,
X 202059 .06919¢11419.15294.1785,.1860,
X 4%0,,
X =«0976,-.0566,.0055,.06454.1156,.1589,
Xel8644.1905,2%0.,
X —e1133+~,06245.0111+9.0772,41329,.1776,
Xe2024.2045,42%0,,
X —-1132'-.0356'.0479'.11611-17111.21111
X.2150 13%0.,
X —e0776,-40159,.0391,.0868,.1279,.1646
Xeel9644.22134.2414+.2505, ’
X —e1228,-.0221+.0633,.1309,+.1858,.2314,
X 4%¥0,,
X «04264y.06334.0853,.1101+.1649,.2204,
Xe2€T78y3071+v.3318,.3416,
X «0318441116941909,.2650,.32414.3423,
X 4*0.'
X —e1761,-.0960,.0083,.,1114,,2032,.2834,
Xe3487,.359642%0./

0020 DATA CPSTAL/ 20514129221 +3512491e65¢98291.01,41.19,

2e161402990491e754140591e3791e7492.13,42.53,
3630987907591 e19105041.9642.41+2.8653.30,
4¢459p4T151.0391440,1.8992.4552.96+3.55,4.1/

0021 DATA CTCLI/.00139.02114.0407,+.0600,.07894.1251,.1702,.2117,.2501,
1.2840443148,¢3316,0.90.,
2401589 403629.05634.07619¢0954,.,0419,.1868,.2287,.2669,.3013,.3317,
3.3460,4.0,.0,
4.094008390602974e0507907139a09161011144.15854.2032,.2456,.2834,
5031914+3487,.3626,
6.0130¢4C2089.04289.06459408579.1064,412675417489421954.2619,.2995,
7.3350,.3647,.3802,
B40261¢03319e0552,0776ve09944.12079y¢1415+4.1907,.2357,4.2778,,3156,
943505+ .3808,.3990,
Ae03265,.0449,.06724.089991211257y41344,.1556,.2061442517+.2937,.3315,
Be36564.3963,.4186/

0022 DATA CTEC 7.01+4e0392054e074¢099e1276169e201e2414289¢325.36,4.40,
le44/

FIGURE 3A., FORTRAN IV LISTING (CONTINUED)
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0023 .

0024 . ... . ..

0025 .

0026

DATA CTSTALZ21250e1519e172¢01879020492218542334.243,.249,
242684430990343403693.3879.4049.4209.4354.451,
3e40Lee45T3a%9790529925574+58244605¢2.629¢.651,

404969097 73e62B42665906959.T72094T4290764494785/

. DAYA. OuM1 / —e125294—206619.05355.23889.43969.6554,
XaBG16y 1.0753¢92%0.
X . . ~e2113;-.0480,419934.4901,.7884,1.099,
X1e3707 ¢3%0.+
X —e20779e01534.2657¢53879.810741.075,
X143418,1.5989+1.8697,2.1238, :
.. —e450890142649.785851.448,2,0899,2.713,
X 4%0,9
X ¢04509.04619.05119.060249.0943,.1475,
Xe21385..29692.4015,.5237,
X e05209¢1063¢9.20195432309.4774+.6607,
X 4%0.4
X ~e01683=20085,4.04574.17744.35204.5506,
Xe783341.023642%0.,
X —e1678¢—20840,.0752,.3262+.6085,.9127,
X1e2449,1.5430,2%0.,
X —e29034-.0603,.2746,.6803,1.0989,
X1e535341.9747,3%0.,
X —e27839.0259+436655.7413,1.1215,
X124923:1.8655,2.2375,2.6058,2.9831/

DATA DuM2 / —e61814.194641.0758,1.9951,2.8977,
X3.T7748+4%0.
X e057710591,.0648+.0751,.1141,.1783,
Xe25999+35519.46824.5952,
X e06503 61277402441 743947,.5803,.8063,
X 4%0.,
X —~e00799—000254.0595,421344.4266,.6708,
Xe95194.1.270642%0.,
X ~e18949—20908y.09569.3942,.7416,1.1207,
X14530841.9459,2%0.,
X —e¢33909-.0632,.33504.8315,91.3494,
X1e89042.4565¢3%04,
X ~e32679.04044.4520,.9088,1.3783,
X1.842442.30692.778293.2292,3.7058,
X ~e7508794239541.31542.446943.5711,
X4.6638,4%0./
DATYA DuUM3 / -+21554-21129,.0188,.1420,.2401,.3231,

Xe38507% «3850,2%0.,
X —e21379—e0657+4.0859,.2108y+3141,.3894,

Xe®09543%0.,
X —e1447¢-e03149206989¢15779.2342+.3013,
Xe3611lye406T1445Ts.4681,

X —e2338¢=e04719e11089.2357+.33571.4174,
X 4%0.,

X 00488y .0732440999+.1301,.2005¢.2731,
Xe3398y .3982+.44274.4648,

X 203754413935 ,24489.3457.43564.4931,

X 4%0.4

X —e22953—¢12409.0087,.14434+.2687,+.3808,
Xef739y.525692%0.,

X —e29999—e152719.02354.18534.3246+.4410,
Xe52904y5467+2%0.

X —¢30199—e09074.11544.28719.4299.5338,

Xe595443%0,
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X —22012¢—e046]13.09229421259.3174,.4083,
Xe48919.5549,.6043,.6415/

0027 DATA DuM4 / —e33079—e0749214114.3118,.44669,5548,
X 4%0,y
X 00534, ,0795,,1084,.1421,.2221,.3054%,
Xe38314.4508,.5035,.5392,
C 0042350 15885.28412.,4056¢.5157,.6042,
x 4*0.1
X ~e26069—e141645,0097,.1685,.31724.4526,
Xe56554 46536,2%0,,
X ~e36159—e18043.02674.2193+.38709.5312,
Xe641049.7032,2%0.,
X —236749—210964.1369,.3447,.51654.6454,
Xe7308¢.3%04.4
X —e24739—005944+10869¢2552,4.3830,.4933,
Xe5899, ,6722447302,4.7761,
X —e41653—010409J15974.36714.52894.6556/

0028 DATA INN /10363848, 7910,6/

0C29 DATA NCLX / 12,12414910414414/

0030 DATA NJ /1429340495964 7/

0031 DATA PFCLI/146891.40551607465535.4424.2555.102/

0032 DAYA TFCLI/1422¢1.10591009.8829.792¢e6654.540/

Q033 DATA XLB /2ev%e96e98./

0034 DATA XPCUL1/4.26¢2e28591.78041.56891.45241.300+41.220,1.160,1.110,

11.08591.05491048404¢0.y
21.65291.40891.2929122851.188,5,1.13241.105,1,08041.05841.042,1.029,
31,022400390.9

4legleslaslerlerlerslesloslersleslarloarleavlar

5055190619971 2907759¢8154.845,.865,5.8919.910,.9289.94145.958,.970,
6.975,

72382104369 e65452e6259e6825.72€4.75512480479835,.8644.889,.914,.935,
8944,
Fe2939¢3335.4361e5209e5859¢6359.6T09e7309e77028079.835,.871,.897,
A.909/

0035 DATA XTCLI/22.85424403175¢1452951.412,1,268,1.191,1.158,1.130,
11.122:1.10891.10840.,40.,
21.880,51,400,1.268,1.208,1.170541.110,1,089,1.,071,1.060,1.054,1.051,
31.048, 04904
41.'1.11.'1.'1.’1.'1.'1.,1.'1.’1.'1',1',1.1
5¢00070399¢46949.7873e8319.8609.88L9.9087069269.9404.945,.951,4.958,

6.958,
Te0004942519¢5399465549eT199p 76037889831 4.86549e885949009.910,.916,
8.916,
Fe019a1B8529.442 40956516357 .6819.7165.769¢.809,.838,.855,.874,.881,
A.881/

0036 DATA ZJCL /e09eS501e0914542¢C12e593¢033e514:09%44525.0/

0037 DATA ZLJJ /O0e2e531091e512a93495.7

0038 DATA ZJUSTAL/ 2092438912291 e692.092.4+2+8493.2/

0039 DATA ZMCRO/+9284.9164.9019 884y .865,.845/

0040 DATA ZMCRL /e09e1519629950415965059:.578946209.6309+6309.630,.630,

1e09elé4b962873064003¢4879455634595426054.6054.605,.605,

260714049 .2769038T104699¢5349e5719e579945799.57941.579,
3601135502651 6372¢0452905123e5475.5544.5544.554,.554,
4e092130922520e3571¢4349.4904.522105269:52694526494526,
5¢0161259¢2407163399¢416204654.498,.500,.5009.5004.500/

0041 CATA ZMMMC/1e960912¢9e09ea0292a0%9e0694089e109e019202+.04,.08,.12,

1.161.20'.2""28’.32'-36'.40'
2levlesloslesiarlesleovlerlerlarlorlay

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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120

100

105

140

142

147

148

130

131

20.1 PERFM. DATE = 72635 Coe e 1T 32124

309799 e9819698%49 6387195096934 .99641.00451.00¢1.C0+1.0041.00,
40¢ 944 409454.95096958 906966 3¢9753.9845e99049 49969.999,1.00y1.00,
5.9019. 3059091296927 10 542 90 G54 30964 99T 544,984 5. 990,.900, .900,
£.8629¢866, e8757¢8929e9099.9269 0942909571497 090 9809, 98444984,
7o 8069081370825 90851 9877 30904496926 9e9399 29529961, .971, .976/.- .
KK=1

" ASTERK=999999,

AN ADJUSTMENT FOR CP AND CY FCR AF

D3 120 K=1,2

CALL UNINT "(64AFVAL (1) s AFCPC (14K Jo AFTy AFCP{K),L IMIT)

CALL UNINT {6,AFVAL{L) yAFCTC {1 4K} AFTLAFCT{K),LIMIT) .. . .. .. ...

CONT INUF

DO 100 K=3,7
AFCPIK)=AFCP(2)
AFCT(KI=AFCT (2]
IF{ZJl.GT..5) GO TO 10%
AFCPE=2,%ZJI*(AFCP{ 2)-AFCP (1)} }+AFCP{1)
AFCTE=2 J*xZJI*({AFCT{2)-AFCT{1)I+AFCT( 1)
GO 710 110

AFCPE=AFCP(2)
AFCTE=AFCT(2)
IF{ZJT1.GTe1e0) GO TC 140
NBEG=1

NEND=4

GU TO 148

TF{ZJ1.6T.1.5) GO TO 142
NBFG=2

NEND=5

GN TO 148
IF{Z2J1.GTo2.0.ANDJIW.LT3) CO TO 147
NAFG=3

NEND=6

GO TO 148

N3EG=4

NEND=7

CONTINUE

NCL=0

nn 130 TI=1,6

12=11
IFCABS(CLI-CCLI{IT)).LF..0CN9) G TN 137
CONTINUE

[IF{(CLT.GTee6) GO TO 131
NCLT=1

NCLTT=4

GO TO 119

IF{CLT «GT.7)G0 T3 132
NCLT =2

NZCLTT=5

GO TO 119

NCLT=3

NZLTT=6

GO TO 119

NCLT=12Z

NZL=1

NCLTT=1Z

COANTINUE

NB= BLADT+.1
LMON=MOC(NB, 2) +1

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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0094
0095
0096
0097
0098
0099
0100

0101
0102
o103
0104
0105
0106
o107
0108
0109
o1to
olil

0112
0113
0114
0115
0116
0117
o118
0119
0120
0121
0122
0123
0124
0125
0126
0127
o128
0129
0130
0131
0132
0133
0134
0135

0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148

GO 70 t160,180),LM0OD
160 NBB=1
L=BLADT/2.+.1
GO TO 200
180 NBB=4
L=1
200 DO 500 18B=1,NBB
J INTERPOLATION
DO 300 K=NBEG+NEND
208 GO TO [21042504+2Fk2)+1W
212 CALL UNINT (94 ZJSTAL,CTSTAL(L+L)+Z2ZJIJ(K)H»CTTLK),LIMIT)
CALL UNINT (99ZJSTALSCPSTALILyL)9ZJJIK)CPPI{KI,LIMIT)
CALL UNINT (INN(K)sCPANG{1)KysL)sBLDANG{14K) CPP{K) BLLIK},LIMIT)
210 CPE=CP*AFCP(K)
CALL UNINT (14,CPEC(L),BLDOCR{1,L),CPE,PBL,IMIT)
CPELI=CPE*PBL*PFCLI(K)
NNCLT=NCLT
DO 215 KL=NCLTSNCLTT
CALL UNINT (NCLXINNCLTIyCPCLICLyNNCLT) ,XPCLI{1,NNCLT) CPEL,PXCLI
LKLY, LIMIT)
IF {LIMIT.EQ.1) GO TO 591
215 NNCLT=NNCLT+1
IF {NCL.EQ.1) GO TO 220
CALL UNINT {4,CCLI(NCLT),PXCLI(NCLT),CLTI,PCLI,LIMIT)
G} TO 221
220 PCLI=PXCLIINCLT)
221 CONTINUE
CPE=CPEX*PCLI
CALL UNINT (INN{K}sCPANG{1sKyL }1BLDANGU 19K} sCPE,BLLIK}LIMIT)
CALL UNINT (INN(K),BLDANGU1sK}))CTANG(L KoL} yBLLIK) CTT(K),LIMIT)
IF{LIMIT.EQ.0) GO TO 211
GO TO 591
211 CONTINUE
GO TO 2501
250 NNCLT=NCLT .
2200 DO 260 KL=NCLT NCLTT
CTA{l)=CT
CTA(2)=1.5%CT
DO 2600 KJ=1,5
NF TX=KJ
CTEL=CTAIKJI*AFCT (K)
CALL UNINT{14,CTECUL1),BTDCR{1,L)+CTE,TBL,IMIT)
CTEL=CTEL*TBL*TFCLI(K)
CALL UNINT (NCLX(NNCLT),CTCLI{1,NNCLT),XTCLI{1,NNCLY),CTEL,TXCLI
LKLY H»LIMIT)
If (LIMITLEQ.1)GO TO 591
9998 IFI{ZJJ(K).EQ.0.) GO TO 40CO
CALL UNINT (11,ZJCLULYsZMCRLUL4NNCLT)yZJIIK),ZMCRT,LIMIT)
9999 DMN=ZMS(1)—~IMCRT
GO TO 4050
4000 ZMCRY=ZMCRO(NNCLT)
DMN=ZMS(2)~-ZMCRT
4050 XFFT{KL)=1.0
IF{DMN) 2300,2300,252
252 CTE2=CTEL*TXCLI(KL)}/TFCLIIK)
CALL BIQUAD (ZMMMC,+1,DMNyCTE2,XFFT{KL),LIMIT)
2300 CTALIKJI=CT-CTA(KJ)I*XFFTI{KL)
IF(CTAL(KJY).EQ.0.  AND.KJ.EG.1} GO TO 2700

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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0149 IF(KJ.LE.1) GO TO 2600

0150 IF{ABS(CTALIKJ~1)=CTAL(KJ))/CT.LE..O0L) GO TO 2700

0151 CTA(KJI+L )==CTAL{KJ-1)*(CTAIKJI~CTA{KI=11)/(CTALIKII-CTALIKI-1))+
1CTA{KJI~1)

0152 2600 CONTINUE

0153 WRITE {6,391)

0154 2700 CTNIKLI=CTA(NFTX} /XFFT(KL)

0155 260 NNCLT=NNCLT+1

0156 IF (NCL.EQ.1) GO TO 270

0157 CALL UNINT (4,CCLIINCLT},TXCLIINCLT) ,CLI,TCLI,LIMIT)

0158 CALL UNINT (4,CCLI(NCLT) ¢XFFT(NCLT) CLIoXFTL(K),LIMIT)

0159 CALL UNINT (4,CCLI(NCLT),CTN(NCLT)oCLI,CTT{K) LIMIT)

0160 GO 1o 271 _

0161 270 TCLI=TXCLI{NCLT)

0162 XFTL{K)=XFFTINCLT)

0163 CTT(K)I=CTN{NCLT)

0164 271 CTE=CTT(K)*AFCT(KI*TCLI

0165 CALL UNINTCINN(K) ¢CTANG(1 KoL) yBLDANG (1K) oCTESBLL(K) oL IMIT)

0166 CALL UNINT (INNEK),BLDANG(1sK)yCPANGIL KoL) 9BLLIKI +CPPIK) ,LIMIT)

o167 [F(LIMIT.EQ.0) GO TO 2501

0168 GO TO 591

0169 2501 CONTINUE

0170 300 CONTINUE

0171 CALL UNINT (4,ZJJ(NBEG)BLLINBEG) ZJ1,BLLLUIBB),LIMIT)

0172 BLLLL=BLLL(IBB)

0173 GO TO (310,350,310),1w

0174 310 CALL UNINT (4yZJJUINBEG)+CTTI(NBEG) ,ZJI,CTTTLIBR),LIMIT)

0175 CTG(1)=.100

0176 CTG{2)=.200

0177 CALL UNINT (742JJU1),TFCLI(1) 201, TFCLIT,LIMIT)

0178 DO 390 IL=1,5

0179 CT=CTGIIL)

0180 CTE=CTG(IL)*AFCTE

0181 CALL UNINT (14,CTEC{1),BTDCR{1,L),CTE,TRL, [MIT)

0182 CTEL=CTE*TBL*TFCLII

0183 NNCLT=NCLT

0184 00 396 KL=NCLT,NCLTT

0185 CALL UNINT (NCLX{NNCLT),CTCLE(1,NNCLT)yXTCLT{1,NNCLT),CTEL, TXCLI{
1KL) o LIMIT) :

0186 IF {LIMIT.EQ.1) GO TO 591

0187 IF(ZJ1.EQ.0.) GO TO 3000

0188 CALL UNINT(11sZJCLEL)sZMCRLULSNNCLT) 21, ZMCRT,LIMIT)

0189 DMA=ZMS(1)—-ZMCRT

0190 GO TO 3050

0191 3000 IMCRT=ZMCRO(NNCLT)

0192 DMN=ZMS(2)-ZMCRT

0193 3050 XFFTIKL)=1.0

0194 IF{DMN} 396,396,399

0195 399 CTE2=CTE*TXCLI(KL)*TBL

0196 CALL BIQUAD {ZMMMCy1,DMN,CTE2 s XFETIKL) 4LIMIT)

0197 396 NNCLT=NNCLT#1

0198 If (NCL.EQ.1) GO TO 395

0199 CALL UNINT (4sCCLIUNCLT) ¢ TXCLI(NCLT) CLI,TCLIT,LIMIT)

0200 CALL UNINT (4,CCLI(NCLT),XFFTINCLT)sCLI,XFT,LIMIT)

0201 IF{XFT.GT.1.)XFT=1.0

0202 GO TD 394

0203 395 TCLII=TXCLI(NCLT)

0204 XET=XFFT(NCLT)

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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0205 _. _ 394 CT=CTG(IL)
0206 CTE=CTG{IL)*AFCTE*TCLII
. 0207 CTGU{IL)=CTE-CTTT(LBB)
0208 IF(ABSECTGL{IL)/CYTT{IBB)).LT.,001) GO TO 392
-0209 IF(IL.LtE.1) GO TO 390 .
0210 CTG{IL+L)=-CTGU IL-1}*(CTG(IL)-CTGUIL-1))/{CTGL{IL)-CTGL{IL-1))+
1CTGLIL~-1)
0211 390 CONTINUE
0212 . . WRITE {6,391)
0213 391 FORMAT ( * INTEGRATED DESIGN CL ADJUSTMENT NOT WORKING PROPERLY FO
. .. XR CT . DEFINITION®)
0214 392 CTIT(IBB)=CT
.0215 GO TO (360435053401, 1IW
0216 350 CALL UNINT (452JJ(NBEG)+XFTLINBEG) ¢ ZJI ¢ XFToLIMIT)
0217 IF(XFT.GT.1.)XFT=1.0
0218 340 CALL UNINT (49ZJJUINBEG) CPP(NBEG)+ZJI,CPPP{IBB)LIMIT)
0219 _ CPGI17=.150 :
0220 CPG(2)=,200
0221 CALL UNINT (44ZJJ{NBEG)+PFCLIINBEG)ZJI,PFCLII,LIMIT)
0222 DO 290 IL=1,5
0223 CP=CPG(IL)
0224 CPE=CPGUIL }*AFCPE
. 0225 CALL UNINT {(14,CPEC(1),+BLDCR(1,L}sCPE,PBL,IMIT)
0226 CPEL=CPE*PBL*PFCLII
0227 NNCLTANCLT
0228 DO 280 KL=NCLT,NCLTT
0229 CALL UNENT {NCLXENNCLT)sCPCLI{LSNNCLT) XPCLI(LoNNCLT),CPEL,PXCLI{
1KL)LLIMIT)
0230. IF (LIMIT.EQ.1l} GO TO 591
0231 280 NNCLT=NNCLT+1
0232 IFINCL.EQ.1) GO TO 282
0233 CALL UNINT (4,CCLIINCLT)yPXCLIINCLT) CLI,PCLII,LIMIT)
0234 60 7O 284
0235 282 PCLIT=PXCLUINCLY)
0236 284 CP=CPG(IL)
0237 CPE=CPEXPCLII
0238 CPGl{iIL)=CPE-CPPP(IBB)
0239 IF{ABSH{CPGLIIL)/CPPP{IBB)).LE..QOL) GO TO 287
0240 IFUIL.EQ.1) GO TQ 290
0241 CPGITIL#1)=—CPGL{IL-1)*(CPG(IL)-CPGLIL-1)}/{CPGLLIL)-CPGL(IL-1))+
1CPGLIL-1)
0242 290 CONTINUE
0243 WRITE {6,285)
0244 285 FORMAT (* INTEGRATED DESIGN CL ADJUSTMENT NOT WORKING PROPERLY FOR
1CP DEFINITION')
0245 287 ceePlIBBI=CP
0246 _ 360 L=L+1
0247 500 CONTINUE
0248 IF{NBB-1) 510,590,510
0249 510 CALL UNINT (4oXLB(1),BLLL{L)BLADT,BLLLL,LIMIT)}
0250 GO TO(52095304+5201)+1IW
0251 520 CALL UNINT {4,XLB11),CTTT{1)BLADT CT,LIMIT)
0252 GO YO 590
0253 530 CALL UNINT (4,XLB(1),CPPP(1),BLADT,CP,LIMIT)
0254 590 CONTINUE
0255 GO TO 600
0256 591 CT=ASTERK
0257 CP=ASTERK

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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0258 600 CONTINUE
0259 " RETURN
0260 END

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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FCRTRAN TV
000l
0002
non3
0004

2005

ocoA

00o7

noo0s

~
(¢

LEVFL

20.1 INOISF DATE = 72031 08748714
SUBPNUTINE ZNOISE (BLADT,DIA,TIPSPD,VKTAS ¢ BHP '+ DIST e SPL,
1FC s XNOFE }

DIMFNSION PNLAC20)y PNLBOLO)PNLC{134744),01AM(20),
1PEL(4), TMTH(20)

NPIMENSION DUM1(200), NUM2{210)

FQUIVALFENCE  (PNLCU1,4+2),DUML(1))y (PNLC(1,7,3),DUM2(1})

DATA TMTH /a31035104148516590551461e6510T30751e819.8541.9
X/

DATA DNLC / '2-50‘1-81—‘1-01-0v.811-4!1.812.092-?5'
X2 eT7593.5914431543

X '5.51—4-51—3.39—?.{)"-91--2'001.3'.751
X]oBy 2-113.’)1’?.01

X —6e59—6.11=5.6¢=4¢99,-3.8,-2.6y"1e6y9~10c1
X—-76v--47-4'1-6'3-1,
X ~TeS9=Te251=Ta1=6eF9—648y=6e3:=5.0,-2.9,
X=1eS9=leby=—ehyals2el

X —G.by~9. T51=9¢91~9:9¢-9.75,-9.3,-8.5,
X=Teb1=6439~5e09=3.59-1.54.9¢

X ~10.64-10.89~10.99y=10e74~10e6+=~10e3,-9.6
X'—8.‘."—7.5,—6-21—4-61-2.81—.81

X “1leb4y=1lebg=11a7s-11.7y,-11.54-11.2,
X=10 4l y=9.4y=8.3,~Te0,=5.4y-3.6+-1.6

X ~e2541 27011 07¢2.4593.M1343¢323+43.503.7,
Xbolpbeby 5639607y

X —1e31=eb1e21e811ebdyle712.443.0930449304,
X3.514.3,6.0
X _3.6'_3.1')'_2.1'_1.2,_.3'.4’.95'1_3’1.5'
X1.992.443.3:¢5.0/

P‘/\TA nUM]. / “5-71"4.8,"3-81—2-7,‘1.71‘-8'-.210()1.11
XelypeBslaTr3aby

X -(705'_6001‘5.‘},”*’.81“'(9.31—3.61“3-11—2-".)'
X‘l.R"lont‘-ly 1-112.61

X ~Tebs=Taby=Te33=Te29=6.9y-6.03-6.13-5.4,
X=4.59~3,39~2.09- o4, 1e 3y

X -0.7.—9.7,-9.7,—9.5,—9.4,—‘3.0'—8.5,-—7.6'
X=65eT9=50F9~be Hy=24Fy—.8,
X 2¢1902e893.0693.T 18601 9%0bs%.604.75,5.0,
X5.355¢855:517e3
X '2'1¢07200'2-7'304”)-513.513-6'1.8'4.7,
X447 1455959

X -lo21—-71-]' .7511.4v1.812n3y2-512.6y
X3.0103e5¢4451644y

X ‘2-8!‘2-2"‘1-61-1-01--51-0'-41 .7'1.11
X1eT792e493e394.8)

X ~4eT91=3e99=3e291=2.5¢=1e8y=1a31=aT2-e5y
X=e29¢3914052.0¢3: 06,
X -6.51—6. 11-5.5"'4.9"4. 2"3. 71—3. 17"2.5'
X=1e91=1e39=e51.712:5/

DATA NDUM2  / ~8.3y=TaT1=Te39-6.84-5e39-5.79=5.14-4:5,
X=3.891-3e09=2.09-791.3,
X 4004035407 15.4195.9+643160396039644+6.6,
X7c017.619o0'

X 3,2930393.593.694.09%44515.115e746.0+6.09
X6el 16469 Teby

X 20192¢492e743¢0136333e713.914.094.2+4.5,
X4e8s 549603y

X 143910691284 2.01024392.5¢20793.0¢3.3+3.6,

X40l9b4aT95.6

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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0009
on1o0
onll
0012
0n13
0014
0015
0016
0017
0018
0019
0020
0021
onz2
0023
0024
0025
0026
0027
0023
0029
00130

0031
0032
0033

20

20.1 .. . ... INOISE . DATE = _7203) _.08/48/14
X . . 225905907501 4091e39105¢1e892e192.442.8y
X3eh4 9442954y
X _ “2e39=1e8y=1e31-e81—e59—~elye3ye510851a2,y
X1.8120513-6| :
X . 7509745973471 -2.8972239-1.8y-1.%49-1.0y

X—.71—.2,.S, 1-3'2- 5/
DATA DIAM

DATA RBBL /2493e940e96./
TMT= SORTI(TIPSPD*%2+4(VKTAS
NBB=1

I1B=BLADT-1.0+.001 .
GN TO (242,2+546+6+6),18
KK=18

G 10 7

NBB=4

KK=1

GO 10 7

KK=4

NBR=4

CONT I NUE

DO 8 K=KK,NBR

Do 9 [=1,7

CALL UNINT (13,TMTH(1)4PNLC(Ls1,K),TMT, PNLA(I} ,LIMIT)

/+5925)%%2) /1120.*FC

CALL UNINT { 7,DIAM{1),PNLA(1),DIA, PNLB(K),LIMIT )

PNLD = PNLBR {KK)

/5.096e5,8.5¢114914.5418.425.7/

IF (IR.EQ.5) CALL UNINT(4,BBL(1),PNLB{1),BLADT,PNLD,LIMIT)

RMT = TIPSPN/1120.

SPL = 107.7+ 6.69%AL0OG(BHP
XXNOE) + 38.1% RMT + PANLD
IF(LIMIT.NF.0) SPL=999999,
RFTHRN

FND

FIGURE 3A, FORTRAN IV LISTING (CONTINUED)
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0n11

no012
0on3
00114
0onis
0016
no17
ooleg
0019
nn2on
0021
0022
0023
0024
co2s
0026
0027
0028
0029
0030
0031

10

30

40

60

20.1 N . WAIT DATF = 72031 08/48/14
SUBRQUTINFE WAIT (WTCONyZMWT BHP,DITALAFT,BLADT,TIPSPD,WT70,KWT80)
IF(WTCONLLE.O.) RETURN
IND=TIPSPD*60./3.14159

IN=ZND/DIA

ZK2={DIA/10.)%%2

IK3={BLADT/4.)%%,7

IK4=AFT/100.

7K5=ZND/20000.

IK6=(BHP/10 ./DIA%%2 )%%,12

IKT={IMWT+]1 ,0) %% .5

WTFAC=ZK2*7 K3*ZK6*ZKT

WTCON DEFINES AIRPLANF CATEGNRY

IWTCON=WTCON
LC=3,5%7K2%BLADT#ZK4¥¥2%( 1 ./2K5)*%,3

GU TOQ (10+7270+30940+50),IWTCON
WTTCO=1T70*WTFAC*ZK4*% ,9%IK 5%%, 35

KWT3N=WT70

GO TO 60

WTT0=200 ¥ WTFAC*ZK4*% ,Q#ZK5%%,35

WT8I=WTTQ

GO TO 60

ATTN=22C s *WTFACRZKG *% ,THIKS %%, 4+7C%(5.0/3.5)
WT3N=WT70

GO TN A0

WIFAC=WTFACRZK4%x% , THZKS*% 4
WT7N=220.%¥*WTFAC+ZC*(5.0/3.5)
WTB0=190 . %*WTFAC+1C

GO TO 60

WT70=220 k¥WTFACKRZKL X% ,THIKS¥% , 4+7C%({5.,0/3.5)
WTS30=190. ¥WTFAC*ZKa*% ,TXx7KS%*,3

RETURNMN

FNO

FIGURE 3A., FORTRAN 1V LISTING (CONTINUED)
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0001 SUBROUTINE COST {WTCON,BLADT, CLFL ,CLF+CKTN,CKB0, CAMT,, DAMT ,NAMT,
1CQAUAN +WTT70,WTBOCOSTT70,C0STB0yCCLF1,CCLF,CCKT0,CCKBO,IENT)

0002 DIMENSION CQUAN{2,11),C0ST70(10},C0OST80(10),ZFFAC{2,5),ZQUAN(2,5),
1ZEFAC(5) :

0003 NATA  ZFFAC / 3:513e593e¢7903e79342930292+69305+2.0493.4 /

0004 DATA ZEFAC /1404145 93.543.593.5/

0005 DATA ZQUAN / 1910.,2230.52810495470.91030.+1990.9295.4+680.,
X 6549368, /

0006 ICON=WTCON +.,01

0no7 50 TO (5,100), IENT

0008 5 TF(CLFL1I10,10,20

o009 10 CCLF1=3,2178

0010 CCLF=1.02

0011l GO TO 1000

0012 20 CCLF1=CLF1

0013 CCLF=CLF

0n1l4 GO T0O 1000

0015 100 TF(CK70)40,49,50

0016 40 COKTD=ZFFAC(1,ICON)*(3, O%BLADT**,75+ZFFAC{TCON))

0017 GO TO 60

001R 50 CCK70=CKT0

o019 60 TF{CKROYT70, 70,90

0029 7O CCKBRO=ZFFAC(? y ICON) ¢ (3, 0%BLADT %%, 75+ZEFAC(ICDON))

0n21 GO 10 110

0022 90 CCKB80=CK8N

0023 110 ITF(CAMT)120,120,130

0024 120 CQUAN(1s13=ZQUAN(1, ICON)

00625 COUAN({2 41 )=ZUAN(2, TCCN)

0026 GO TO 140

noz27 130 COUAN{1,1)=CAMT

cn28 COUAN(2,1)=CAMT

00249 140 XUN={ALCG(CCLFI-ALOG(CCLF1)1/6.90775527

0030 DO 200 1=1,NAMT

2331 COSTTO{1)=CCKTN*EXPIALOGI{CQUANTL 4T )} *XLN+ALNG{CCLFL) ) *WTTN/CCLFL

0032 CNSTI0(I)=CCKBO*EXP(ALOG{CQUAN( 2, T} )1 =XLN+ALNG(CCLF1))*WTB0O/CCLF1

nn33 CRUAN {1,1+1)=CQUAN (1,1)+DAMT

no3s4 CQUAN (2, T+1)=CQUAN (2, I)+DAMT

0035 200 CONTINUF

0N3e6 1000 RFTURN

0037 FND

FIGURE 3A., FORTRAN IV LISTING (CONTINUED)
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FORTRAN IV G LEVEL 20,1 ., _ . . _REVIHT ___ _ __ _DATE = 72031 08/48/14
0001 SUBROUTINE REVTHT (RTC,ROT,AFT,CLI,BLADN,DIA,CP, THETA,RORO,BHPI,
' 1RPMI, PCPWC, ANDVK )
0002 NIMENSION TAFC(42),QAFC(42), DCQPPCI37),CTPCLT2), .

LTCPC(L02)+CQPC(62) 4QCPC(62) 4CQPCZ(19) 4RPMC(9) 4BHPC(9),AS5J(9),
] STHRSTC(9),PCCHC{182),VKC(9)
0003 DATA TAFC/ 1a170s%e980e9100091202914029160.9180.92000ye3925777087
. 11.188,1.189,1.188,1.188,1.041.0y1.051.044874y48799.885,.886,,785,
2479190797 94801 40T15907241073470739y26614.675,.6891.6964.631,.645,
3.660,.6677 ) i S

0004 DATA QAFCZ 2¢94Ter4e980.91000y120091404916004180.420005c3705127T90879
11.19041+19051.190,01.190,1.0+0.0,140,14034875,.8724.869, .866,.787,
24780, o774y eTT00 e T243 0T Ly eT04s0T00)0665106561064b34642 710624106124
3.601,.596/ L. . .

0005 DATA DCQPPC /30960 r%ereD9021e%49e52:891a090390%1.69e89-.0002,.0,
1.00048,.00092,-.0004, .0,.00081,.00160,~.0006,.0,.0012,.0024,

2 —e00078ye03+001584.00312+-27900979.0y.0019%4,.00391,~.001i14,0.,
3.00231,.00453/ _ o o

0006 DATA PCCHC/5e1llesl4ateCrolreZre3dyettyeSsebrals By e9y,1.0,~30.,-25.7
1-200,-1749-12.55-8.8+-5.5+72.3+145,5.098.5,11.9,15.,415.1,
2lasleylasleslanlayleyloslosleslagleylerlay ’
3.87540875+0925s1c0lavleslorloslegloslogloslogle,
‘f 750’.7‘;01.7911-‘;4911.11-11.'1-11-11.’1.11-11-'1.0
5.623,.623,.660,.708,.828, l-'l-,l-yl.,l-vl.yl-ll.'l.y
64500, 4500345279 056%43e6659e80291e yleglegleogloylogloyslaey
7 3751437592396 2042144499,4619, 778549959 Lasleslagloyleyle,

2250490250942639.28292339,44197.5473073098 e9leglerlorloolay
.124..124,.13”,.140..173,.?30..3?0..452,.716,.995'1..l.,1..1.'
Ae0ype07e0ra0900144.043,.091,3.188,4¢4003e6% 9l evloglaplay
B O, -0' .0' -01 oO' oO, oO' -0'-095'03751-6951}- 11-11-1
CeDyeO9pe03e09eD9eD3e09e0,.0,3.0y4350,.6859.99851.7
pooT DATA CTPC /6¢9629909e090272%92690891009=3009=25.9-20.+=1545-10.y_

: 1'5.10.15.110-'
2= <0955,~.0855,~20700y~. 0498,~.0262,~.0005,.0270,.0590,.1035,
3-,1225,-.1110,-.0950,-.0735,-.0490,-.0218,.0060,.0415,.0840,"
4=.1590,-.1440,-.1265,-.1040,-.0785,-.0505,-.0215,.0110, .0500,
5-42080y-41895y=¢17155,~,1490,-.1230,-,0965,~,0700,—. 0340,.0070,  ~ ~
6=226854=.25509-42395,~.2710,-.2025,-.1825,-.1595,-.1145,~,0550,
T-e35504-434309-23290,—-.31304-.2920,-.2690,-.2400,-.1980,-.13707"

onoe DATA TCPC /T7e19e9Tey o2y o3y -41-51.6'-71-8'__o91 1.09-3009-2549-20.
1- 15 9=100 1= 5+ 100 154 41 0u y a - ’ T
2= a0 TT4=e079,-e080,~2083,~¢08ly=o078By=e0745,~c07L -0 0675,
3-.105,-.109,-.111,-.1085,-.104,~.100,-.09%,-.090,~.0835, ~ ~——~
4= 2142y .146,-0168y-.143,-.13659=,13054=41225,-.112,-.1035,
5~.188,-.188,-.1865,-41825y—¢175,-.165y—41535,~.1385,-.122,
6= e228y-2225,-242224~421859=4211,4-.198,-.18154-.161,-.1385,
T=e?2619—e2585¢=e25454-424859—42395,-4225,~.205,-.179,=.149, —
8~e294,-.288,-.2815,—,273,=2261 y=¢24454=.2225,~-,18954 —. 1495,
9= 03254~ a3164= 3064~ 0294 4— 4 27754-.2585,=4 2345, =, 196,—-.147, ~~— T 7°
A=e355,y~-4343,-.3284-43125,~.292,-.2694-.240,-.198,-.137/

0099 DATA CQPC /821520990901 e4106128y100y=3003-25.,3-200+-15.4=10.9=-5.,
100695510,
2.031,,0241,.0171,,0108,.0056,.0022,.,0017,.0028,.0060, "~
4.0363,,0283,.N0201,.0127,4.0064,.0025,.0014,.0014,.0035,
6.04304.0330,.02364.0150,.0075,.0027,.0008,.000%5,.0006y ~—  — T
8.0523,.,0406,.0289,.0182,.0091,.0030,~.0002,-.0013,-,0015,
1.0629,.0493,.N03464.0220,.0110, .0037 ,-.0012,-.0046,-.00627

o010 DATA QCPC /9.15-19.'.2'.41-69-8,1.0'—30-1"25-' 20.1"15.1"10.'-5-'
1045+ 410, ’ ' B T T

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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FORTRAN 1V

0011

o012
0013
0014
0015
0C16
om7
001R
notle
o020
o021
0022
0073
0024
0025
on2s
00727
0028
0029
0030
0031
0032
7033
N034
0035
0036
0037
0038
0039
0n40
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
ons1
0052
0053
0054
0055
0056
0057
0058
0059
8040
0061
0062

5

LEVEL

10

20

3c

40

50

60

70

’n.1 REVTHT DATE = 7203} 08/48/14
2.0107,.0083,.0068,.0049,.0030,.0011,~-.0004,~-.0919,~-.0033,
4.0202,.01624.0122,4.0085,,0C049,.0012,-.0020,-.0043,~-.0072,
603534 ,02724.0195ye0128,.0070,.00164-.0030,-.0065,-,0093,
B.04919403794.02T783e0180740091,440025,—-,0026,-.0062,-,0080,
1.06294 40493y .03464.0220,.01104.0037,-.0012,-.0046,-.0062/
DATA CQPCZ/ 10.48.104,.0018,.0028, .0039,.0056,.0108,.0171,.0241,
1e031y-3051-6031=7099y-1009-15¢9-20¢9—30./

NATA ASSJ 7/ eN3 4251503755 1eN041425,1.5041475,2.00/
CORTIXI=ABS{XV%%{1./3.)=*X/ABS(X)

CALL BIQUAD (TAFCs1,AFT.CLI,TAF,LIMIT)

CALL RIQUAD {(QAFC+L 4AFT ,CLI,QAF,LIMIT)

IF (RTC-1.) 20,410,220

CNPQ=CP/6.2832%(3 ./ 3L ADN)*%¥,833%)AF

CALL BTQUAND (DCQPPC,1,4AS5SJ(1),CLINDCGOPP,LIMIT)
CPR=CDOPO-DCAPP

CALL RIQUAD (CAQPCZy1+CPQs0.,THFTA,LIMIT)

Do 50 I=1,5

CALL BIQUAD (CAPCs+1,ASSJU(T)yTHFETA,CQP,LIMIT)

CALL RIQUAD (CTPC+1,ASSJ(I )}, THETALCTP,LIMIT)

CALL BIQUAD (PCCHCs» 1y ASSI(T), THETA,PCCH,LIMIT)

IF(PCCH.GTL1.) PCCH=1.

CALL RIQUAD (DCQPPC41,ASSJ(I),CLINCQPP,LLIMIT)
NDCTPP=,0975%CLTI-.039

COo={CQP+PLCHXNCAPP) *¥6,2832/(NAF* {3, 0/BLANDN) *%.83)
CT=(CTP+PCOCH*DCTPP I/ (TAF¥( 3.0/BLANN ) %%,83)

[F{RPROT.FN.1.) GO TN 30

CONST=RHP I/RPMI#PCPWC /100,

RPMC (1) =SQRT (19.,ELO0*¥RORO*CONST/ (2.0%¥DIA**5%CP))

IF{RPMCIT ) .GT .RPMILANNLRTC.NEF.2.) RPMC{])=RPMI

BHPC{T)=CONST*RPMC (T}

GG TO 40

BHPC(I)=BHPI%*PCPWC/100.
CONST1=1C.ELO¥BHPC(I)*RORO/(2.0%DIA%*%5%(CD)

ROMC (1)=CRBRT(CONSTI1)

VKC{T)=ASSJ(T)%RPMC (I )*DIA/101.4

THRSTC (T )=CTHRPMC(] )%x%2¥DIA%%4/(1.514%10,E5%ROR0O)
THRSTC(I )1=ARS({THRSTC(i ))

CONTINUE

NNJ=5

IF (VKC(5).GT.ANDVKY GO TQO 90

DO 80 1=5649

TJ=1./ASSJ{1)

CALL BIQUAD (WCPC+14TJy THETA,QCP,LIMIT)

CALL RIQUAD (TCPCy1,TJd,y THFTA,TCP,LIMIT)

ce=(QCep V%6 2R32/7(QAF* (3 .0/BLADN ) %%.83)/TJ*%%2
CT=(TCP V/UTAFE(3.0/BLADN) %%, 83 ) /TJk%2

Te (ROTLEQ.1.) GO TO 60

CONST=BHPI /RPMI*PCPWC/100.

RPMCL{T}=SQRT (10.ELO*RORO*CANST/{2.0%DIA%%5%CP})

RHPC(I)=CONST*RPMC{I)

GO TO 70

BHPC(I)=BHPI*PCPWC/100.

CONST1=10.E 10%RHPCUT)*¥RORO/ (2. 0%DIA**5%CP)

RPMC (I)=CBRT(CONST1)

VKCUI)=DITA®RPMC(T) /{TJ%101 .4)

THRSTC(I)=CTARPMC( I j*«*x2*xN[AX*¥4/{1.514%10,E5*RORD)

THRSTC(T)=ABS{THRSTC(1))

NNJ=MNJ+1

FIGURE 3A. FORTRAN 1V LISTING (CONTINUED)
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FORTRAN IV 5

0063
0064
0065
0066
0067
0068
0049
0070
o007y

Q072
o073
0074
0075
0076
ony7
0078
0079
0nson
0081

00R?
0037
09034
0G8s
0086
o087
00288

LEVEL
1000

80
90

92

94
96
9R

100
110

20,1 . REVTHT DATE = 72031

FORMAT (13E19. 4}

IF(VKC(I).GTLANDVK) GO TO 90

CCNTINUE

NOUNT=ANDVK/L0O.+2,

TRIG=0.

VK=0,

DO 100, I=1, NDUNT

CALL UNINT (NNJ,VKC(1),BHPC(1) VK,SHPV,LIMIT)
CALL UNINTU{NNJsVKC{1),RPMC {1}, VK,RPMV,LIMIT)
CALL UNINTINNJWWKC(L) yTHRSTC{L )y VK, THRSTV,LIMIT)
IF(SHOPV.GT,.BHP ) SHPV=RHPI

IF(RPMV.GT.RPMI) RPMV=RPMI

IF{I.GT.1) GO TO 34

WRITE (6,92) DIA,PCPWCy THETA, VK, THRSTV,y SHPV,RPMY
FORMAT (F10e19F9.0yFGa1 4FB8414F9.0,FB.0,FT.01)
N TO 98

WRITE(6496) VKyTHRSTV ,SHPV yRPMV
FORMAT(Z2RXyF8.14F2.04FB8.0,F7.0)
TF{TRIG.EQ.1.) GO TO 110

VK=VK+10.

TFIVK.LT.ANDVK) GO TN 100

VK=ANDVK

TRIG=1.

CONTINUE

RETURN

ENN

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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JEORTRAN TV G LEVEL _20.1 . _ ... . _ . UNINT ...._.. DATE = 72031 08/48/14
0001 SUBRDUTINE UNINT ( Ny XA, YA, X 4, Y, L)
C REWRITTEN SEPTEMBER 18, 1967
C UNIVARIATE TABLE ROUTINE WITH SEPERATE ARRAYS FOR X AND Y - S 66
C
L. L L o . .
C THIS ROUTINE INTERPOLATES OVER A 4 POINT INTERVAL USING A
C VARIATION OF 2ND DEGRFE INTERPOLATION TO PRODUCE A CONTINUITY
o 00F SLOPE BETWFEN ADJACENT INTERVALS,.
C
0002 DIMENSION XA{1l)y, YA(1)y, D(4), P{5)
0003 L=0
0004 I=1
C TEST FOR OFF LOW END NO # YES
0005 IF { XA(1)-X ) 100, 150, 10
0n06 10 L=1
0007 G0 TD 150
0008 100 N0 120 I=2,N
0009 IF { XA{I)-x) 120, 150, 200
0010 120 CONTINUF
C OFF HIGH END
0011 I =N
0012 L= 2
0013 150 Y= YA(D)
0014 GO TO 999
c TEST FOR FIRST INTERVAL
0015 200 IFLI-2) 240,220,240
) C FIRST INTERVAL
0016 220 JX1 = 1
0017 RA = 1,
0018 GO TO 400
c TFST FOR LAST INTFRVAL
0019 240 TE(1-N) 300, ?250Q, 300
C LAST INTFRVAL
0020 250 JX1 = N=-3
0021 RA = Q.
0022 G0 TO 400
0023 300 JX1 = I1-2
0024 RA = (XA(I)-X) ZIXA(I)=-XA(I-1) )
0025 400 RB = 1., — RA
¢
c GET COEFFICIENTS AND RESULTS
no2e J = JX1
0027 NO 500 I=1,3
0078 PUI) = XA{J+1) — XA(D)
0n29 D(T) = X ~ XA(J)
0030 500 J = J+1
‘0031 NE&4Y = X = XA(J)
n032 P(4) = P{1) + P(2)
00133 P(8) = P{2) + P(3)
o RFSULT
0034 Y = YA{JX1) % RA/PL1)} * DL2)/P(&) * D[3) +
1 YA{JX1+1) % (=RA/P{1) * D(1)/P{2) * D(3) +« RB/P{2) % D(3)/P(5)
2 #D(&)) + YA(JIX1+2) *(RA/P(2) * DI1)/P{4) %= D(2} - RB/P(2)
3 0% D(2)/P(3) % D(4)) + YALJIX1+3) % RB/P{S) * D{2)/P(3) % D(3)
003% 999 RFETURN
c036 END

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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FORTRAN IV G LEVEL

0001
0o0on2

0003

GCNNO4

000s
0006
0007
onoR
0009

0Nn10
cnll

ner2
oni3

2014
0nts
a0le

0017

nole
0319
no2¢
onzl
0nz22
nnzs3
nez4

025
neza
0027
0028

an2a
nn3o

IS
0032
0Nn33
N034
0035
001346
cox7r

(] o000

OO0 N

100

105

110

209
210

220

300

520

20.1 B 1QUAD DATE = 72031 08/48/14

SUBROUTINE AIQUAD (T, I, XI, YI, Z, K}
FNTRY 31 QUD (Ty T3 XTIy YIse Zy K)

THIS ROUTINE INTFRPOLATES OVER A & POINT INTERVAL USING A
VARTATINN OF 2ND DEGREFE INTERPOLATION TO PRIDUCF A CONTINUITY
OF SLOPE BFTWEEN ADJACFNT INTERVALS.
DIMENSION T(1),XCl4), D(4)y P(5), Y{(4),C(4)

FQUIVALENCE (XCl1}), D(1))

TARLE SET UP
T%IL 4 TARLE NUMBER
TPI&1<  # NUMBER OF %X< VALUES
TEIE2<  # NUMBER 0OF %v< VALUFS 20. FOR UNIVARTATF TABLEKL
T?IE3< 4 VALUES OF %X< IN ASCENDING ORDER

NX = T(I+1)}

NY = T(I[+2)

Jl = [+3

J? = J1 + NX - 1
X = X1

SEARCH IN X SFNSF
L =0

GO YO 1000
RETURN HERE FROM SFARCH NF X
K = KX
JX= JX1
THE FOLLOWINS CODE PUTS X AND/OR Y VALUES IN XC BLOCK
Do LIN J=1,4
XCtJY = TLUIXL)
JX1 = JX1+1}
GET CNEFF. IN X SENSF
~0 T 2000
RETIIRN HERF A4ITH COFFF. TEST FOR UNIVARE R BIVARTATE
IF (NY) 300,210,300
7=0,
JY = JX+NX
np 220 J=1,4
7= 7 + T{JY=ET(IY)
JY = Jy+1
GNn T3 99939

NIVARIATE TA3LE
L=1
X = YI
J1 = J2+1
J2 = J14NY-1
SFARCH IN Y SENSF JXx1 # SURSCRIPT OF 1ST VY
GO T0 1009
K = K+ 3xKX
INTFRPOLATE IN X SENSE

SUBSCRIPT - BHASF NC. NF COL. NN. OF YS
Jy = J2+1 + (IX=I-2)%NY  + JX1-J1
DO 550 M=1,4
dX = JyY
YM) = 0.
NGO 520 J=1,4
Y{M) = Y{(H) + CLI)*T(IX)

JX = JX +NY

FIGURE 3A. FORTRAN IV LISTING (CONTINUED)
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=

FORTRAN

0038

oe39
0040

0041 .

0042
0043

0044
0045
0046
0047

00438
0049

0nsn
0051
0ns2

00532
0054
005%
0056
0057
onsg
0059

0060
0061
0062
0063

0064

nn6as
0066
0067
0068
0069
‘0070
0071
0072
0073
no74

0075
0076

IV 6 LEVFL

550

600

700
9999

C

c

C
1000

1010
c

c
1020

1050
1080
1082

1090

A

1100
1500

1600

e Nal

2000
2010

2020

NASA-Langley, 1972 —— 2

20.1 RIQUAD DATE = 72031 CR/438/14

JY = JY+]
GET COEFF. IN Y SFENSE
GO0 TO 105
Z = 0.
DD 700 J=144
7 =7 %+ CLH*YLI)
RETURN

SFARCH ROUTINE — INPUT J14J2,X
-~0UTPUT RASRAByKX,JX1
KX = 0
DO 1010 J=Jd1,42
IF (T(J)- X} 1010,1050, 1050
CONTINUE
OFF HIGH END
X = T(J42)
KX = 2
USF LAST 4 PNINTS AND CURVF 8
JX1 = J2-3
RA = N.
GO TO 1600
TEST FOR - -
IFtJ-J1-1)
IF(T(H -X)
KX =1
X = T(J1)
JX1 = J1
RA = 1.
GO TO 1600
TEST FOR LAST INTERVAL
IF (9 - J2)
J=-2
(Ted) - X
l. = RA

OFF LOW END,
1080 '
1082,41090,1082

FIRST INTERVAL,
1090 y

OTHER
1100

Ny YES, NO
1500,1020,1500

YWATLJ) - T(J-1) )

RETURN BACK T0O MAIN BODY
IF (LY 500, 100, 500

COFFFICINT ROUTINE -
DO 2010 J=1,3
PtJy)y = xCta+1§-xCty)
PL4)=P({1}eP(2)
P{5)=P{2)+P(3)
00 2020 J=1,4
D(J) = X=-XC(J}
CLI=(RA/P(LIIXID(2)/P[4))*D(3)
Ci2)={-RA/P(L)}IX(D(1)/P(2))%D(3) +{(RB/P{2))%I(D(3)/P(5))%D(4)
Ci3)={(RA/P(2))%(DILI/P{4))%XDI2)-(RB/P{2)}%(D(2)/P{3))*D( 4)
C(4)Y=(RB/P(5))=(D(2)/P{3)1%D(3)
RETURN TO MAIN BODY
IF(L)Y 56n0,2004600
EMD

INPUT X, X1,y X2, X3, X4, RA, RB

FIGURE 3A. FORTRAN IV LISTING (CONCLUDED)
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